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ABSTRACT 
     Gastrointestinal Bacteroides play an important role in the health of their hosts.  Do 
these Bacteroides perform the same functions in hosts that have different diets or 
gastrointestinal physiology?  Do they show any co-evolution with the host environment?  
Within this study103 isolates of B. ovatus, B. thetaiotaomicron, and B. xylanisolvens 
were recovered from cow, goat, human and pig fecal enrichments with cellulose or 
xylan/pectin.  Isolates were compared using 16S rRNA gene sequencing, repetitive 
sequence based-PCR (rep-PCR), and phenotypic microarrays.  Analysis of 16S rRNA 
gene sequences revealed high percent sequence identity in these Bacteroides; with 
distinct phylogenetic groupings by bacterial species, but not host origin.  Phenotypic 
microarray analysis demonstrated these Bacteroides shared the ability to utilize many of 
the same carbon substrates, without differences due to species or host origin, indicative of 
their broad carbohydrate fermentation abilities.  Limited nitrogen substrates were 
utilized; in addition to ammonia, guanine and xanthine, purine derivatives, were utilized 
by most isolates, followed by a few amino sugars.  Only rep-PCR analysis demonstrated 
host specific patterns, indicating that genomic changes due to co-evolution with host did 
not occur by mutation in the 16S rRNA gene or by a gain or loss of carbohydrate 
utilization genes within these Bacteroides.   
     In the second part of the study 24 isolates, from the original 103, of B. ovatus, B. 
thetaiotaomicron, and B. xylanisolvens were recovered from cow, goat, human and pig 
fecal enrichments with cellulose or xylan/pectin.  Isolates were compared using whole 
genome sequencing to determine possible genotypic differences among Bacteroides 
species and among same species from different host origins.  The GC% content and gene 
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numbers of the isolates compared to their type strain were similar but variation in overall 
genome size was seen in isolates of the same species.  A broad analysis of the Clusters of 
Orthologous groups (COGs) did not show host specificity.  A closer look at 4 COG 
categories (amino acid, carbohydrate, cell wall, and signal transduction) was done.  At 
this level of analysis some differences between species and isolates from differing hosts 
was evident.  Polysaccharide utilization loci (PULs) were compared for homology against 
the type strains of the isolates.  There was variation in the number of homologous and 
non-homologous PULs and total number of PULs in the isolates.  Differences among 
glycoside hydrolase (GH) families of the isolates of different Bacteroides species were 
found; comparison of the Bacteroides xylanisolvens isolates demonstrated host related 
differences for pig isolates compared to other host origins.  Differences among 
homologous capsular polysaccharide (CPS) loci were seen in the downstream gene 
content of some CPS loci in isolates from different hosts.  The results suggest that many 
of the genetic functions of isolates in this Bacteroides clade are conserved but that there 
are some differences in genomes by Bacteroides species and mammalian host origin. 
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CHAPTER 1: GENERAL INTRODUCTION 
Introduction 
     The gastrointestinal tracts (GIT) of vertebrates are among some of the most densely 
populated environments for microbes with cell counts of approximately 10
10
 - 10
12
 cells 
per ml (Ley et al., 2006; Thomas et al., 2011). These microbial populations play an 
important role in the development of the immune system, health, and nutrition of the 
vertebrate host (Dethlefsen et al., 2007).  The advent of 16S rRNA sequence phylogeny 
has allowed for analysis of whole microbial communities.  The examination of the 
microbiota of differing mammalian hosts has demonstrated that there are differences in 
microbial composition, type and number of bacteria, due to the diet and gastrointestinal 
physiology of the host (Ley et al., 2008a; Ley et al., 2008b).  These studies suggest that 
the microbiota and the host are demonstrating co-evolution, defined as the reciprocal 
adaptations of each lineage in response to the other (Zaneveld et al., 2009; Moran, 2006).  
     Are the same patterns being seen at the individual genus or species level?  Within the 
human some gut bacteria, such as Helicobacter pylori are very host specific (Linz et al., 
2007).  On the other hand there are bacteria that are considered generalists and are shared 
across host species, such as Escherichia coli (Ley et al., 2008a).  So far very few 
vertebrate gut bacteria have been studied for evidence of co-evolution of the bacterial 
lineage and host (Frese et al., 2011).   
     In this study a clade of Bacteroides containing Bacteroides ovatus, Bacteroides 
thetaiotaomicron, and Bacteroides xylanisolvens were selected to examine possible 
changes in phylogeny, metabolic function, and genomes due to host (cow, goat, human, 
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or pig) differences in diet and gastrointestinal physiology.  This clade of Bacteroides 
contains a large number of genes that transcribe proteins capable of the metabolism of the 
complex polysaccharides found in the gut (Wexler, 2007).  A comparison of Bacteroides 
isolates taken from different mammalian hosts could demonstrate co-evolution of a 
bacterial species and their host and where in the genome these evolutionary changes may 
have arisen. 
Thesis organization 
     The thesis follows the journal paper format.  Chapter 1 is the general introduction.  
Chapter 2 contains the literature review of the subject matter in this study.  Chapter 3 is 
the paper that has been published Bacteroides isolated from 4 mammalian hosts lack host 
specific 16S rRNA gene phylogeny and carbon and nitrogen utilization patterns.  Chapter 
4 is the paper to be submitted Comparison of 24 Bacteroides ovatus, B. thetaiotaomicron, 
and B. xylanisolvens genomes obtained from cow, goat, human and pig feces.  For both 
papers Todd Atherly is the primary researcher and author and Cherie J. Ziemer is the 
author for correspondence.  Chapter 5 contains the general conclusions from the journal 
papers.  Appendix A contains supplemental material for Chapter 3 and Appendix B 
contains supplemental material for Chapter 4.  The final section contains 
acknowledgments. 
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CHAPTER 2: LITERATURE REVIEW 
     The intestinal bacteria and their hosts live together in mutualistic relationships.  One 
example is the breakdown of dietary plant polysaccharides, mucin O-glycans, and N-
glycans by the bacteria.  The majority of the mono- and disaccharides ingested in the diet 
are absorbed in the small intestine but the host is unable to digest complex 
polysaccharides.  Vertebrate hosts lack the glycoside hydrolases and polysaccharide 
lyases needed to digest the plant polysaccharides that they ingest as well as host mucins 
and mucopolysaccharides (Salyers, 1984; Wilson, 2008 text).  The plant polysaccharides 
include storage glycans of the cell, such as starches and fructans, and cell wall 
polysaccharides.  The cell wall polysaccharides are primarily composed of cellulose, 
hemicelluloses, and pectins.  The hemicelluloses are made up of xylan, 
galactoglucomannans, and xyloglucan (York et al., 2008).  The pectins have 
homogalacturonan or rhamnogalacturonan I backbones that often have side chains such 
as rhamnogalacturonan II, beta-1,4 - and beta-1,3- galactans, and alpha-arabinan 
(Mohnen, 2008).  Along with these dietary polysaccharides there are O-glycans, N-
glycans, and glycosaminoglycans that the intestinal mucosa produce along with the 
polysaccharide capsules and cell wall of the other microbes found in the gastrointestinal 
tract (GIT) (Martens et al., 2009).  These polysaccharides have many different glycosidic 
bond conformations and branching configurations.  The bacteria are able to produce 
glycosidases and polysaccharide lyases that are specific for certain polysaccharide 
configurations (Salyers et al., 1977a).  These enzymes are able to degrade the 
polysaccharides into mono-, di-, and small oligosaccharides that can be transported into 
the cell and used in energy production through fermentation.  Through the Embden-
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Meyerhoff fermentation pathway the bacteria produce energy for themselves and short 
chain fatty acids (SCFA), primarily acetate, butyrate, and propionate, that the host is able 
to use as an energy source (Dethlefsen et al., 2007; Flint et al., 2008; Salyers, 1984). 
     The amount of energy supplied by the SCFA produced can be as much as 70% in 
ruminants, 20-30% in many omnivorous animals, and 10% in humans (Bergman, 1990).  
Differences in energy production by the microbiota of the host through the fermentation 
of polysaccharides are due mostly to the diet and GIT physiology of the host.  Diets high 
in plant material will result in a larger amount of energy produced by fermentation into 
SCFA, thus herbivorous diets will generate the highest concentration of SCFA, followed 
by omnivorous and carnivorous diets.   
     Physiologically, mammals are classified as forestomach fermenters or hindgut 
fermenters.  The forestomach fermenters, such as ruminants, have a fermentation 
chamber located in front of the stomach, and hindgut fermenters utilize the cecum and 
colon as fermentation chambers (Bergman, 1990).  Butyrate and propionate are 
metabolized by both forestomach and hindgut animals similarly.  Most butyrate is 
absorbed by rumen or gut epithelial cells and converted into ketone bodies and CO2, 
while the propionate is taken up by the liver and converted to glucose (Bergman, 1990).  
Acetate is used mainly by adipose and muscle tissues.  The acetate carbon is used to 
produce fatty acids, energy production, and in lipogenesis.  Metabolism of SCFA 
between ruminants and monogastrics is quite similar.  It differs mainly due to the low 
absorption of glucose and high absorption of acetic, propionic, and butyric acids by 
ruminants compared to monogastrics.  This causes a difference in carbon concentrations 
in certain metabolic pathways (Van Soest, 1994; Bergman, 1990).  In addition to energy 
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production the SCFAs affect epithelial cell growth, blood flow, as well as the secretory 
and absorptive functions of the large intestine (cecum and colon) and rumen (Bergman, 
1990). 
     Intestinal bacterial populations show low diversity at the phyla level and are 
dominated by the Firmicutes and Bacteroidetes.  Other phyla represented include 
Protobacteria, Actinobacteria, Fusobacteria, Verrucomicrobia, Fibrobacteres, and 
Spyrochaeates (Ley et al., 2008a; Eckburg et al., 2005).  At the species and strain levels 
the amount of diversity increases dramatically which can be partially attributed to host 
selective pressure and co-evolution (Ley et al., 2006; Backhed et al., 2005).  Within the 
phylum Bacteroidetes the Bacteroides genus is one of the more prominent bacteria 
represented in feces (Sghir et al., 2000; Thomas et al., 2011).  Bacteroides are found in 
the mouth, colon, and vaginal tract of humans; and in the rumen and large intestine of 
cattle and sheep; and in the cecum and colon of other mammals (Salyers et al., 1987).  
The Bacteroides show a great ability to utilize a vast amount of polysaccharides obtained 
either through the diet or from polysaccharides produced from the host. 
     Within the Bacteroides, the Bacteroides thetaiotaomicron genome has been 
extensively studied, with completed sequence and annotation.  Sequencing revealed 
numerous paralogous groups of glycosylhydrolases, polysaccharide lyases, and cell-
surface carbohydrate-binding proteins, all used in the sequestering and degradation of 
polysaccharides (Xu et al., 2003).  Paralogs are brought about through gene duplication 
and subsequent divergence as a consequence of an evolutionary response to selection 
pressures (Caporale, 2003).  These genes are found together in what are referred to as 
polysaccharide utilization loci (PUL) (Bjursell et al., 2006).  The prototypic PUL first 
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understood, through the work of the laboratory of Abigal Salyers, was of the starch 
utilization system (Sus) of Bacteroides thetaiotaomicron.  The Sus locus is composed of 
eight genes, susRABCDEFG, that encode cell envelope-associated proteins, periplasmic 
enzymes, and a regulatory protein (Martens et al., 2009).  These proteins share the same 
name as the genes that encode for them.  SusDEF are outermembrane binding proteins 
responsible for the binding of starch.  SusA, B, and G are starch degrading enzymes of 
which SusG is an outermembrane protein and SusA and B are located in the periplasm.  
SusC is a porin used for transport of oligosaccharides across the outermembrane into the 
periplasm.  SusR is a regulatory protein that activates the promoters for the susA and 
susB-G operons (Shipman et al., 2000).  The genome of B. thetaiotaomicron contained 
261 glycoside hydrolases (GH) and polysaccharide lyases (PL) along with 107 homologs 
of SusC and 102 homologs of SusD (Bjursell et al., 2006; Martens et al., 2009).  The 
homologs of the SusC/D genes are often found together with polysaccharide degrading 
enzymes and regulator genes to form PUL gene clusters.  The regulating genes in the 
PULs encode for sensing and signal transduction proteins.  Certain PULs encode for one 
and two component systems and others utilize extracytoplasmic function sigma factors 
for regulation (Xu et al., 2003).  The PUL clusters contain a combination of these genes 
that allow the bacteria to sense and acquire specific polysaccharides and regulate gene 
expression in response to the ever changing nutrient availability (Martens et al., 2008; 
Comstock et al., 2003).  The B. thetaiotaomicron genome contains 88 PULs that have 
different predicted polysaccharide degrading enzymes; this information supports the idea 
that the PULs evolved to degrade many different types of polysaccharides (Martens et al., 
2009).  In addition to plant polysaccharides targeting PULs, B. thetaiotaomicron contains 
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PULs targeting host produced intestinal glycans (Martens et al., 2009).  The pattern of 
use of polysaccharides can be seen in different species and can be used to identify species 
as demonstrated in a comparison of B.ovatus strains ability to utilize all known plant 
hemicelluloses with B. thetaiotaomicron which can only utilize some hemicelluloses 
(Salyers et al., 1977b; Martens et al., 2009).  Bacteroides species share many SusC/SusD 
homologs but also tend to have evolved homologs that are not found in other closely 
related species which may help in the utilization of nutrients unavailable to others in the 
community (Bjursell et al., 2006). The homology of these genes points to gene 
duplication as a method of diversification.  The evolution of each species having their 
own distinct set of PULs allows for resource partitioning as well as inhabiting a very 
specific niche (Ley et al., 2006).  
     Bacteroides have many mobile genetic elements (MGE): plasmids, transposases, 
conjugative transposons, and mobilizable trasposons (Xu et al., 2003; Wexler, 2007).  
MGE allow for horizontal gene transfer (HGT) between not only Bacteroides species but 
other bacterial groups within the GIT and possibly the host itself, promoting their 
microevolution (Comstock et al., 2003; Xu et al., 2003).  Horizontal gene transfer is a 
process that shares genes among cells and at the same time drives homogeny and reduces 
diversity (Woese, 2002).  A comparison of the GC content in the genomes of Bacteroides 
and Firmicutes found in human fecal samples demonstrates a lack of homogenization due 
to their distinct metabolic roles in the microbial community (Ley et al., 2006).  Along 
with HGT, gene duplication and gene loss play important roles in the shaping of the 
genomes of bacteria (Kunin et al., 2003).   Gene duplication brings about functional 
diversity to the organism helping it to adapt to differing environmental conditions such as 
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a change in nutrient source (Hooper et al., 2002).  A study by Gevers et al., (2004) 
demonstrated that B. thetaiotaomicron strain specific paralogous gene families had the 
largest number of paralogs in a family of proteins compared to 105 other bacteria.  These 
paralogs encoded for outer membrane proteins used for substrate binding.  Changes to the 
genome also arise through mutations and chromosomal recombination during bacterial 
reproduction through binary fission (Ley et al., 2006). 
     The intricate mutualistic relationship between the microbiota and host in the large 
intestine results in an environment that allows for the co-evolution of the microbiota and 
host.  This co-evolution, defined as the reciprocal adaptations of each lineage in response 
to the other, has resulted in differences in microbial composition among host species 
(Zaneveld et al., 2009; Moran, 2006). The co-evolution of the host and microbes is 
evident in vertebrates that evolved rumen and cecum allowing for bacterial fermentation 
to provide energy to the host (Stevens et al. 1998).  The evolution of the microbes in the 
GIT has been postulated to involve co-evolution of individual lineages and their host.  
This has been demonstrated by phylotypes that are specific to a host species (Dethlefsen 
et al., 2007).  Comparison of microbial community 16S RNA gene sequences from fecal 
samples across a wide range of host species revealed that the microbial communities co-
diversify with the host, suggesting evolutionary interactions between the host and its 
microbiota (Ley et al., 2008b).  By identifying host by diet (herbivore, omnivore, and 
carnivore), overall microbial community structures grouped together according to host 
diet.  Diversity of phyla and genus richness was highest in the herbivores with decreasing 
diversity in omnivores, followed by carnivores.  Further classification with digestive 
physiology, foregut or hindgut fermentors, indicated that the microbial community was 
9 
 
 
similar in hosts with the same digestive physiology regardless of host phylogenetic 
relatedness.  Comparison of microbial composition across hosts of the same species 
demonstrated each individual had its own specific microbial community (Eckburg et al., 
2005; Ley et al., 2006) that likely depended on host the diet and digestive tract 
physiology (Muegge et al., 2011; Ley et al., 2006, 2008b). 
     The co-evolution of individual bacterial species can be seen among different hosts that 
developed over long periods of specialized symbiotic interaction (Oh et al., 2010; Frese 
et al., 2011).  The use of 16S rRNA gene sequences tends to underestimate the microbial 
diversity because it does not differentiate between similar bacteria that have evolved 
ecologically distinct roles (Koeppel et al., 2008).  Evolutionary events in functional 
genes, such as those used in polysaccharide degradation, would be undetected.  It may be 
useful to look at co-evolution of a single bacterial species or a highly similar of group 
bacteria found in multiple host species.  These bacteria could be compared directly due to 
their shared ancestry; subpopulations specific to each host species would be expected (Oh 
et al., 2010).   The genome content of Lactobacillus reuteri from different host species 
(mouse, rat, human, chicken, and pig) were compared and found to differ among hosts 
and suggests they evolved to the niche characteristics of their host (Frese et al., 2011).  In 
addition to HGT, gene loss due to replacement or interruption by mobile genetic elements 
was important to the evolution of L. reuteri within their host environment.  The 
phylogenetic grouping of L. reuteri strains reflected host origin, indicating a stable 
relationship between host and bacteria over an extended time period (Walter et al., 2011).  
Subgroups of Bacteroides have been seen within different hosts suggesting that they co-
evolved together (Backhed et al., 2005).  The gastrointestinal Bacteroides have not been 
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shown to grow outside of the host and are most often transmitted from parent to offspring 
(Ley et al., 2006).  This intimate relationship between host and bacteria coupled with 
horizontal gene transfer ability is an ideal situation for co-evolution and differentiation of 
Bacteroides species within hosts (Xu et al., 2007).  Bacterial species with highly similar 
16S rRNA gene sequences may have different functional gene content due to horizontal 
gene transfer (Boucher et al., 2001).  A collection of Bacteroides which have been 
isolated from different hosts (Ziemer, 2013; Ziemer, 2014) can be utilized to investigate 
co-evolutionary present in these bacteria.  
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CHAPTER 3: BACTEROIDES ISOLATED FROM 4 MAMMALIAN HOSTS 
LACK HOST SPECIFIC 16S rRNA GENE PHYLOGENY AND CARBON AND 
NITROGEN UTILIZATION PATTERNS 
A paper published in MicrobiologyOpen 
Todd Atherly and Cherie J. Ziemer 
Abstract 
     Bacteroides in the gastrointestinal tract play an important role in the health of their 
hosts.  Does the host diet or gut physiology, ruminant verses monogastric, result in a 
change of the bacteria’s ability to utilize carbon or nitrogen substrates?  Is there evidence 
of co-evolution between the bacteria and host?  In this study 103 isolates of B. ovatus, B. 
thetaiotaomicron, and B. xylanisolvens were recovered from cow, goat, human and pig 
fecal enrichments with cellulose or xylan/pectin.  Isolates were compared using 16S 
rRNA gene sequencing, repetitive sequence based-PCR (rep-PCR), and phenotypic 
microarrays.  Analysis of 16S rRNA gene sequences revealed high sequence identity in 
these Bacteroides; with distinct phylogenetic groupings by bacterial species but not host 
origin.  Phenotypic microarray analysis demonstrated these Bacteroides shared the ability 
to utilize many of the same carbon substrates, without differences due to species or host 
origin, indicative of their broad carbohydrate fermentation abilities.  Limited nitrogen 
substrates were utilized; ammonia, guanine and xanthine, purine derivatives, were 
utilized by most isolates, followed by a few amino sugars.  Only rep-PCR analysis 
demonstrated host specific patterns, indicating that genomic changes due to co-evolution 
with host did not occur by mutation in the 16S rRNA gene or by a gain or loss of 
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carbohydrate utilization genes within these Bacteroides.  This is the first report to 
indicate that host associated genomic differences are outside of 16S rRNA gene and 
carbohydrate utilization genes and suggest conservation of specific bacterial species with 
the same functionality across mammalian hosts for this Bacteroidetes clade. 
Introduction 
     The gastrointestinal tracts (GIT) of vertebrates are among some of the most densely 
populated environments for microbes, with cell counts of approximately 10
10
 - 10
12
 cells 
per ml (Ley et al., 2006; Thomas et al., 2011). These microbial populations play an 
important role in the development of the immune system, health, and nutrition of the 
vertebrate host (Dethlefsen et al., 2007).  The advent of 16S rRNA gene sequence 
phylogeny has allowed for analysis of whole microbial communities.  Intestinal bacterial 
populations show a low diversity at the phyla level, dominated by Firmicutes and 
Bacteroidetes; other phyla represented include Protobacteria, Actinobacteria, 
Fusobacteria, Verrucomicrobia, Fibrobacteres, and Spyrochaeates (Ley et al., 2008a; 
Eckburg et al., 2005).  At the species and strain levels the amount of diversity increases 
dramatically which has been partially attributed to host selective pressure and co-
evolution (Ley et al., 2006; Bäckhed et al., 2005). 
     The intestinal bacteria and their hosts live together in mutualistic relationships.  The 
microbes that reside in the GIT have the capacity to produce enzymes that degrade 
dietary polysaccharides from plant cell walls that the host’s enzymes cannot (Salyers, 
1984; Flint et al., 2008).  The fermentation of these polysaccharides produces end 
products, such as short chain fatty acids (SCFA), that the host uses as nutritional sources 
(Martens et al., 2011).  The amount of energy supplied by the SCFA produced can be as 
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much as 70% in ruminants, 20-30% in many omnivorous animals, and 10% in humans 
(Bergman, 1990). 
     The intricate mutualistic relationship of the microbiota in the distal gut and the host 
results in an environment that allows for the co-evolution of both microbiota and host.  
This co-evolution, defined as the reciprocal adaptations of each lineage in response to the 
other, has resulted in differences in microbial composition among host species and is 
helpful in understanding the relationships between host and microbiota (Zaneveld et al., 
2009). Comparison of microbial community 16S rRNA gene sequences from fecal 
samples across a wide range of host species revealed that microbial communities co-
diversified with their host (Ley et al., 2008b); suggesting evolutionary interaction 
between a host and their microbiota (Ley et al., 2008b).  Co-evolution could also be 
investigated using a single bacterial species or group that is found in multiple host 
species.  These bacteria could be compared directly for shared ancestry; one would 
expect to find subpopulations specific to each host (Oh et al., 2010). 
     Eight week continuous culture enrichments of feces with cellulose and xylan/pectin 
(2/1) were used to isolate bacteria from the polysaccharide degrading microbial 
populations.  Enrichments were started with feces from 4 hosts: cows (n=4), goats (n=4), 
humans (n=4), and pigs (n=6) (Ziemer, 2013).  A total of 1650 bacteria were isolated and 
identified using 16S rRNA gene sequencing; phyla distributions were similar across 
hosts; averaging 45.1% Firmicutes, 32.7% Bacteroidetes, 12.4% Proteobacteria, 2.6% 
Actinobacteria, 5.5% Fusobacteria and 0.7% Synergistestes.  These results are similar to 
those reported by Ley et al. (2008a).  For feces, in 60 different mammalian species, 
Firmicutes and Bacteroidetes made up 82% of the nearly 20,000 classified sequences 
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with 14.2% in the Proteobacteria, Fusobacteria and Actinobacteria phyla.  Nearly 75% 
(402 of 540) of Bacteroidetes isolates were identified as B. ovatus, B. thetaiotaomicron, 
or B. xylanisolvens, making this one of the predominant groups.  Multiple isolates with 
slightly different 16S rRNA gene sequences were isolated from enrichments from each 
fecal donor. 
Subgroups of Bacteroides species have been found within different hosts 
suggesting that they co-evolved together (Bäckhed et al., 2005).  The gastrointestinal 
Bacteroides are most often transmitted from parent to offspring (Ley et al., 2006).  
Bacteroides species are anaerobic, non-motile, Gram negative rods and are one of the 
most numerous bacteria found in the colon of many different animal species (Thomas et 
al., 2011).  Bacteroides have an unprecedented ability to degrade both plant 
polysaccharides and host mucins.  A predominant group of Bacteroides species, 
including B. ovatus, B. thetaiotaomicron, and B. xylanisolvens, from multiple hosts (pig, 
cow, goat, and human) were characterized using 16S rRNA gene phylogenetic analysis, 
repetitive sequence based PCR (rep-PCR) genomic banding patterns, and phenotypic 
microarrays of carbon and nitrogen metabolism to determine if differences due to host 
origin could be detected.  
Results 
16S rRNA phylogeny 
     Analysis of 16S rRNA gene sequences for B. thetaiotaomicron, B. ovatus, and B. 
xylanisolvens isolates and type strains demonstrate all were within ≥ 97% similarity to 
each other (Figure 1). There were 3 exceptions, all B. ovatus strains, 1 cow isolate 
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(NLAE-zl-C501) at 96.1% and 2 human isolates (NLAE-zl-H59 and NLAE-zl-H73) at 
94.9% similarity with the other isolates.  The isolates formed distinct phylogenetic 
groupings by bacterial species with 17 isolates grouped with B. ovatus, 32 with B. 
thetaiotaomicron, and the remaining 54 with B. xylanisolvens type strains.  Bacteroides 
ovatus strains were isolated from human (14) and cow (3) fecal enrichments.  These 
isolates distinctly grouped by host origin with 98% sequence similarity.  The B. 
thetaiotaomicron isolates (7 pig, 8 cow, 5 goat, and 12 human) had ≥ 98.6% sequence 
similarity with no differentiation due to host origin.  Similarly, the B. xylanisolvens 
isolates (15 pig, 10 cow, 26 goat, and 3 human) had ≥ 98.9% sequence similarity, with no 
effects of host origin. 
Rep-PCR 
     Analysis of the rep-PCR banding demonstrated distinct patterns with both the BOX 
and ERIC primers by Bacteroides species and host origin, results are presented by 
Bacteroides species (Figures 2 and 3).  Within B. ovatus, isolate banding patterns from 
BOX rep-PCR formed 3 groups of human isolates with ≥ 90% similarity except for 
isolate NLAE-zl-H541 which had 89.4% similarity with the type strain B. ovatus ATCC 
8483 (Figure 2A).  The BOX rep-PCR banding patterns of the 2 human (NLAE-zl-H59 
and NLAE-zl-H73) and 1 cow (NLAE-zl-C501) isolates with less than 97% 16S rRNA 
gene sequence similarity were distinct from the other B. ovatus isolates.  The ERIC rep-
PCR produced 4 groups of B. ovatus human isolates with ≥ 90% similarity (Figure 3A).  
The banding patterns of NLAE-zl-H59, NLAE-zl-H73, and NLAE-zl-C501 were more 
similar to the rest of the isolates using the ERIC primers in contrast to results using BOX 
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rep-PCR.  In fact the cow isolate, NLAE-zl-C501, has the highest banding pattern 
similarity to the type strain B. ovatus ATCC 8483 at 82.8%. 
     Analysis of banding patterns generated using the BOX rep-PCR for B. 
thetaiotaomicron isolates at ≥ 90% similarity formed 1 group of goat isolates, 4 groups of 
human isolates, 1 group of pig isolates, and 1 group of a mix of pig and cow isolates.  
Within this mixed group the type strain B. thetaiotaomicron VPI 5482 was also found 
(Figure 2B).  The ERIC primers produced 1 cow, 3 human, and 3 mixed groups with ≥ 
90%.  Two of the mixed groups contain human and cow isolates, where the third group 
contains goat, human, and pig isolates.  The B. thetaiotaomicron VPI 5482 type strain 
and NLAE-zl-H207 did not group with any of the other isolates (Figure 3B). 
     Repetitive sequence based-PCR of B. xylanisolvens using the BOX primer resulted in 
very few bands, ranging in number between 1 and 4, thus was not used to assess B. 
xylanisolvens genetic diversity.  Using a ≥ 90% similarity cutoff, ERIC rep-PCR banding 
pattern analysis resulted in 2 goat, 2 pig, and 1 mixed, cow and goat, isolate groupings.  
The type strain B. xylanisolvens XB1A was most similar to a human isolate, NLAE-zl-
H465, at 91.9%.  Four isolates (NLAE-zl-H194, NLAE-zl-H40, NLAE-zl-P412, and 
NLAE-zl-G481) had distinct banding patterns compared to the other B. xylanisolvens 
isolates (Figure 3C).   
Substrate utilization 
Analysis of isolate carbon and nitrogen utilization patterns produced with the 
phenotypic microarrays did not demonstrate distinct utilization patterns by Bacteroides 
species or host.  The carbon utilization patterns had 76.3% similarity across 190 carbon 
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substrates, for all but 6 isolates (Figure 4).  At ≥ 90% similarity level, there were 8 carbon 
utilization pattern groupings.  Groups C2, C4, and C5 contained all 3 Bacteroides species 
from at least 3 hosts, groups C3, C6, and C7 contained B. thetaiotaomicron and B. 
xylanisolvens from at least 2 hosts, group C8 contained B. ovatus and B. xylanisolvens 
from all 4 hosts and finally grouping C1 contained B thetaiotaomicron from human 
enrichments.  Groups C4 and C5 contained the most isolates with 31 in each (C4: 1, 16, 
and 14 and C5: 6, 1, and 24 numbers of B. ovatus, B. thetaiotaomicron, and B. 
xylanisolvens, respectively)  The type strains B. thetaiotaomicron VPI 5482 and B. 
xylanisolvens XB1A are found in the same group (C2) and had 93.7% similarity for 
carbon utilization patterns.  The type strain B. ovatus ATCC 8483 did not group with any 
other isolates but was 82.2% similarity to the other type strains.  Two isolates (NLAE-zl-
G481 and NLAE-zl-P32) have low percent similarity to the other isolates, 41.9% and 
30.3%, respectively, due to positives across all 95 carbon substrate on a plate; NLAE-zl-
G481 on plate PM2 and NLAE-zl-P32 on plate PM1.  All of the Bacteroides isolates 
were able to utilize 11 carbon substrates: galactose, mannose, xylose, psicose, lyxose, 
allose, arabinose, 2-deoxy-D-ribose, 3-methylglucose, tagatose, and 5-keto-D-gluconic 
acid (Supplemental Table 2 and 3).  Bacteriodes ovatus isolates had the broadest range of 
carbon substrate utilization with an additional 20 substrates utilized by all strains: 
fructose, α-D-glucose, maltose, melibiose, α-D-lactose, lactulose, sucrose, D-fructose-6-
phosphate, maltotriose, glucuronamide, n-acetyl-D-galactosamine, 3-O-β-D-
galactopyranosyl-D-arabinose, and β-methyl-D-galactoside.  B. thetaiotaomicron and B. 
xylanisolvens were all able to utilize 3 (rhamnose, maltotriose,  and glucosamine) and 4 
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(rhamnose, fructose, a-D-glucose, and glucuronamide) additional carbon substrates, 
respectively. 
     Using ≥ 90% similarity to assess nitrogen utilization patterns across 95 nitrogen 
substrates resulted in 6 groupings (Figure 5). All three Bacteroides species from the 4 
hosts were found in N1, N4 and N5 groupings, group N3 contained B. thetaiotaomicron 
and B. xylanisolvens from pigs, N2 contained B. ovatus from humans and N6 contained 
the B. ovatus and B. thetaiotaomicron type strains at 94.5% utilization similarity.  Group 
N1 contained the largest number of isolates with 10 B. ovatus, 23 B. thetaiotaomicron, 
and 23 B. xylanisolvens.  Isolate NLAE-zl-G435 had an extremely low similarity to the 
others, 4.5%, due to positives across all 95 nitrogen substrates.  There were no nitrogen 
substrates that could be utilized by all of these Bacteroides isolates (Supplemental Table 
4).  The nitrogen substrates most utilized were the purine derivatives xanthine, a 
nucleobase, and guanine.  All B. ovatus and B. thetaiotaomicron isolates utilized 
xanthine, all B. ovatus isolates also utilized guanine; however, there were no nitrogen 
substrates that were utilized by all B. xylanisolvens isolates.  The amino sugars D-
galactosamine and D-mannosamine (B. ovatus 5 and 6, B. thetaiotaomicron 9 and 12, B. 
xylanisolvens 15 and 14 isolates, respectively), N-acetyl-D-glucosamine and N-acetyl-D-
galactosamine (B. ovatus 5 and 5, B. thetaiotaomicron 14 and 10, B. xylanisolvens 19 and 
21 isolates, respectively), as well as the amino acids L-homoserine and L-ornithine (B. 
ovatus 4 and 4, B. thetaiotaomicron 9 and 7, B. xylanisolvens 12 and 10 isolates, 
respectively), were used by a moderate number of our isolates.  
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Discussion 
     Most of the research involving Bacteroides species has been done on isolates taken 
from humans (Salyers, 1977b; 1984; Zocco et al., 2007; Xu et al., 2007; Martens et al., 
2009).  In this study we wanted to compare Bacteroides isolates within the Bacteroides 
thetaiotaomicron-ovatus-xylanisolvens clade obtained from different mammalian hosts.  
Our isolation of 103 bacteria within this clade demonstrated their presence in the GIT of 
mammals with varying diets and digestive physiologies.  However, the Bacteroides 
species in this clade were not equally distributed among host species.  Bacteroides ovatus 
was recovered primarily in human and cow fecal enrichments.  The B. xylanisolvens were 
isolated from all host fecal enrichments, but they were the most abundant from the goat 
fecal enrichments and least abundant from the human fecal enrichments.  The B. 
thetaiotaomicron was also isolated from all host fecal enrichments with greatest 
abundance in isolates from pig fecal enrichments and relatively even distribution among 
other hosts.  The primary host difference was more B. ovatus and B. thetaiotaomicron 
and less B. xylanisolvens isolates were from humans while in isolates from cow, goat and 
pig B. xylanisolvens isolates predominated. 
     Host specific differences were expected for rep-PCR patterns as well as carbon and 
nitrogen substrate utilization.  Based on analysis of fecal microbiota in 60 mammals 
using community 16S rRNA gene sequences indicating the influence of host diet type 
and digestive physiology (Ley et al., 2008a; 2008b) there was potential to see host 
specific or ruminant verses non-ruminant patterns in the 16S rRNA gene sequences of 
our Bacteroides isolates.  Only rep-PCR patterns supported genomic differences among 
B. ovatus, B. thetaiotaomicron, and B. xylanisolvens isolates due to host origin, indicative 
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of co-evolution in intestinal bacteria with their host.  Neither the 16S rRNA gene 
sequences nor carbon and nitrogen substrate utilization were affected by the host they 
were isolated from.  That 16S rRNA gene sequences do not reflect differences of host 
origin is not surprising due to its inherent properties: universal distribution and function 
as well as high sequence conservation (Woese, 2006).  The specific environment and 
other members of the resident microbial community would influence mutations and 
horizontal gene transfer that could lead to genomic differences across strains of the same 
bacterial species.  The rep-PCR data demonstrates host specific patterns within the 
genomes of the Bacteroides ovatus-thetaiotaomicron-xylanisolvens clade but the 
phenotypic array data suggests that the differences are not present in the carbohydrate 
utilization genes or if differences are there they maintain functional fidelity. 
     While phylogentic grouping due to host origin was evident for B. ovatus isolates, there 
was no host origin distinction among B. thetaiotaomicron and B. xylanisolvens 16S rRNA 
gene sequences.  The B. thetaiotaomicron and B. xylanisolvens were obtained from all of 
the host fecal enrichments while B. ovatus was obtained only from human and cow.  
Bacteroides ovatus isolates from cow and human had 2.0-2.8% difference in 16S rRNA 
gene sequence similarity, approaching the difference to separate bacterial species.  The 
two human B. ovatus isolates, NLAE-zl-H59 and NLAE-zl-H73 were only 96.5% 
similarity to the other B. ovatus and may represent a different Bacteroides species.  In the 
context of our study, the 16S rRNA gene sequence was not able to determine the host 
origin of B. thetaiotaomicron and B. xylanisolvens isolates.   
     The rep-PCR method targets repetitive DNA sequences that are interspersed in the 
genome of the organism (Versalovic et al., 1994) and is used to visualize difference in the 
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genomes.  The amplification of these products can then be used to differentiate among 
strains of bacterial species.  The Bacteroides are known to have mobile genetic elements 
such as conjugative transposons, plasmids, and mobilizable transposons (Salyers, 1984; 
Wexler, 2007).  These elements can allow for the uptake of foreign DNA from other 
microbes in the environment and possibly from the host (Comstock et al., 2003).  Based 
on this information and reports of microbial communities across multiple host types (Ley 
et al., 2008a; Defelson et al., 2007) we anticipated differences in rep-PCR banding 
patterns due to mobilizable genetic elements and host origin.  Repetitive sequence based 
PCR banding patterns grouped B. ovatus and B. xylanisolvens isolates by host origin.  
The B. thetaiotaomicron banding patterns resulted in groups of isolates from single and 
multiple host origin.  The evidence of rep-PCR banding patterns grouping by host origin 
gives credence to a co-evolution of the bacteria and host theory for B. ovatus and B. 
xylanisolvens, although less so for B. thetaiotaomicron. 
     Phenotypically, isolates from the three Bacteroides species shared the ability to utilize 
a number of the same carbon substrates, a reflection of their broad carbohydrate 
utilization.  These results demonstrate functional redundancy; a predominant feature of 
the GIT microbiota (Ley et al., 2006), which would benefit the host by maintaining 
functionality of the intestinal microbiota even with the loss of a microbial lineage.  This 
functional redundancy is considered to be host driven selection (Ley et al., 2006), 
however, within the Bacteroides thetaiotaomicron-ovatus-xylanisolvens clade, host origin 
did not account for specific carbon utilization patterns.  We speculate that the 
carbohydrate utilization functions of these Bacteroides are so important for utilization of 
plant cell wall carbohydrates that they are conserved across all mammalian intestinal 
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microbiota.  Taken together with the rep-PCR data, we also propose that the host specific 
differences in the genomes of these Bacteroides species primarily come from genes not 
involved in carbohydrate utilization or any differences in carbohydrate utilization genes 
maintain precise functionality. 
     Our Bacteroides isolates showed an inability to utilize most nitrogen substrates on the 
nitrogen phenotypic array.  Our results are supported by earlier findings that B. fragilis 
were unable to utilize free amino acids, peptides, nitrate, or urea as a nitrogen source 
(Varel and Bryant, 1974).  The lack of ammonia utilization by these isolates on the 
Biolog nitrogen phenotypic array was unexpected; thus we used the media of Varel and 
Bryant (1974) to verify the results.  Initial results demonstrated that the isolates could 
grow on the ammonia containing medium but also on the medium without ammonia; they 
were able to utilize the cysteine in the medium reducing agent (cysteine-HCL).  This 
indicates that for results in the Varel and Bryant (1974) nitrogen source are confounded 
with the cysteine in the reducing agent.  We then repeated the test using sodium-
thioglycolate (Sigma-Aldrich) as the reducing agent which confirmed that isolates could 
utilize ammonia and cysteine.  This makes 2 nitrogen substrates that gave false negatives 
on the Biolog nitrogen phenotypic array.  While we did not have concerns about false 
positive reactions, there were no abiotic reactions for any nitrogen substrates, we utilized 
the sodium-thioglycolate modified medium of Varel and Bryant (1974) to examine 
growth on amino sugars and purine derivatives using a subset of isolates and the type 
strains.  The isolates were able to grow on D-mannosamine hydrochloride, N-acetyl-D-
glucosamine, N-acetyl-D-galactosamine, and xanthine, guanine but failed to grow on L-
ornithine monohydrochloride (a potential false positive on the Biolog plate).  This 
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supports the results of utilization of purine derivatives and amino sugars for some of the 
bacteria in the Bacteroides thetaiotaomicron-ovatus-xylanisolvens clade.  Macfarlane and 
Gibson (1991) reported that B. fragilis was able to grow on the glycoprotein mucin as 
well as mucin components such as N- acetylglucosamine and N-acetylgalactosamine.  
We have sequenced the genomes of 24 isolates and they all contained one copy of 
glutamine synthase and 2-3 copies of glutamate dehydrogenase (unpublished data) which 
appear to be functional based on our in vitro utilization assays with the amino sugars and 
purine derivatives.  These results indicate that the Biolog PM3 nitrogen phenotypic array 
is not a suitable method for determining nitrogen utilization of bacteria under anaerobic 
conditions.  Nitrogen utilization in the Bacteroides has not been well defined, the Varel 
and Bryant (1974) paper is the primary source, and most research has focused on B. 
fragilis.  A more detailed analysis of nitrogen substrate utilization by the Bacteroides, 
using an alternative reducing agent to cysteine-HCL, is warranted. 
     Isolates from the Bacteroides thetaiotaomicron-ovatus-xylanisolvens clade were found 
in fecal enrichments from mammals of differing digestive physiology, both ruminant and 
monogastric.  Specificity of a particular Bacteroides species to one host, gut physiology 
or diet was not seen.  The rep-PCR analysis indicated that the isolates’ genomes had been 
altered by the host environment to some degree but genomic differences do not appear to 
be in 16S rRNA or carbohydrate utilization genes.  These Bacteroides isolates were able 
to utilize a wide range of the carbon substrates but very few of the nitrogen substrates 
examined.  Plant cell wall carbohydrates, recalcitrant to mammalian digestive enzymes, 
are the primary carbon substrates in the hind gut of both ruminants and monogastrics.  
The lack of host specific carbon and nitrogen utilization in our Bacteroides isolates 
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indicates conservation of functionality across hosts.  This is the first report to indicate 
that host associated genomic differences are outside of 16S rRNA and carbohydrate 
utilization genes and to suggest conservation of specific bacterial species with the same 
functionality across mammalian hosts for this Bacteroidetes clade. 
Experimental Procedures 
Isolations 
     Bacteroides isolates were obtained from enrichments of fecal samples taken from 4 
cows, 4 humans, 4 goats and 6 pigs.  Freshly voided feces (at least 500 g) were collected 
from individuals and returned to the lab for processing within 30 min.  Continuous 
culture enrichments with cellulose and xylan-pectin mixture were performed for 8 weeks 
with each fecal sample as describe in Ziemer (2013, 2013). Host type is designated in the 
isolate names as follows: NLAE-zl-Cx for isolates from cow, NLAE-zl-Gx for isolates 
from goat, NLAE-zl-Px for isolates from pig or NLAE-zl-Hx for isolates from human 
fecal enrichment cultures (see Supplemental Table 1 for NCBI Accession Numbers).   
The isolates were fairly evenly distributed across individuals averaging 5 per cow, 8 per 
goat, 7 per human and 6 per pig.  Type strains, Bacteroides ovatus ATCC 8483 (X83952) 
(ATCC Manassas, VA), Bacteroides thetaiotaomicron VPI 5482 (L16489) (ATCC) and 
Bacteroides xylanisolvens XB1A (AM230650) (DSMZ Braunschweig, Germany) were 
included in analyses.  A total of 85 cow, 126 goat, 77 human, and 114 pig Bacteroides, 
within B. ovatus, B. thetaiotaomicron, and B. xylanisolvens species clade were isolated in 
pure culture and DNA was extracted using DNeasy kit (QIAGEN Sciences, Germantown, 
Maryland).  These isolates were analyzed by 16S rRNA gene sequencing and repetitive 
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sequence based PCR (rep-PCR) as described below.  All of the 16S rRNA gene 
sequences were within 95% similarity regardless of Bacteroides species with no host 
specific clustering. Isolates with rep-PCR banding patterns that were unique within a 
Bacteroides species were selected for further analysis.  When rep-PCR patterns were 
identical among isolates within a Bacteroides species from a single fecal donor, the 
isolates were considered clonal and one isolate was selected as representative.  When 
isolates from the same host type but different fecal donors demonstrated similar rep-PCR 
patterns then one isolate representing each fecal donor was chosen.  The final number of 
isolates for analysis was 103 total: 17 B. ovatus, 32 B. thetaiotaomicron, and 54 B. 
xylanisolvens (21 cow, 31 goat, 29 human, and 22 pig isolates). 
16S rRNA gene sequencing 
     16S rRNA gene sequencing of isolates used the 27f and 1492r primers (Lane, 1991) in 
a 50 µl reaction.  The reactions contained 5 µl 10x PCR buffer with 15 mM MgCl2, 0.5 µl 
of 10 mM dNTPs, 1 µl each of 25 pM primer, 0.125 µl of 5 U/µl Taq polymerase 
(Invitrogen, Carlsbad, CA), 40 µl of nuclease free water and approximately 100 ng of 
sample DNA.  A MJ Research PTC-220 thermocycler (MJ Research, St. Bruno, Quebec, 
Canada) was used with the following program: 95
o
C for 5 min and then for 30 cycles at 
95
o
C for 45 sec, 47
o
C for 1 min, 72
o
C for 1 min, followed by a 72
o
C for 7 minute final 
extension.  Sequencing was done on a 3730xl DNA Analyzer (Applied Biosystems, 
Carlsbad, California) by the Iowa State University DNA Sequencing and Synthesis 
Facility (Ames, IA). 
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     Consensus sequences were generated using VNTI 11.1 software (Invitrogen), and 
those ≥ 1200 bp in length were analyzed using Ribosomal Database Project II (Cole et 
al., 2009) Sequence Match for identification.  All sequences have been deposited in 
GenBank (Accession numbers presented Supplemental Table 1).  For this experiment, 
bacteria that identified at ≥ 90% Bacteroides ovatus, Bacteroides thetaiotaomicron, and 
Bacteroides xylanisolvens were selected for further investigation.  Sequences identified 
with Bacteroides strain designations were also included if homologous to the targeted 
clade.   Sequence similarity was analyzed using Bionumerics (v. 6.5 software, Applied 
Maths, Austin, TX) and a dendogram created using standard pairwise alignment and 
unweighted pair group method with arithmetic mean (UPGMA) clustering. 
Repetitive sequence based-PCR 
     The bacterial isolates within the B. ovatus – B. thetaiotaomicron – B. xylanisolvens 
clade were analyzed using rep-PCR with BOXA1R primer and ERIC1R and ERIC2 
primers (Versalovic et al., 1991).  The rep-PCR reactions for the BOX primer contained 
3.35 µl 10x PCR buffer with 15 mM MgCl2, 0.5 µl of 10 mM dNTPs, 1 µl of 25 pM 
BOXA1R primer, 0.125 µl 5 U/µl Taq polymerase (Invitrogen), and approximately 100 
ng of sample DNA in 25 ul volume.  The reactions for ERIC1R and ERIC2 were the 
same except that 5 µl 10x PCR buffer with 15 mM MgCl2 and 1 µl each of 25 pM 
ERIC1R and ERIC 2 primers, were used per 25 µl reaction.  All reactions were run on an 
MJ Research PTC-220 thermocycler (MJ Research).  The BOX and ERIC reaction 
conditions were 95
o
C for 5 min and then for 30 cycles at 95
o
C for 45 sec, 50
o
C and 46
o
C, 
respectively, for 1 min, 72
o
C for 1 min, followed by 72
o
C for 7 min final extension.  The 
PCR amplicons were separated by electrophoresis on a 1.5% Agarose (Amresco, Solon, 
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OH) gel in 1X TBE buffer for 6 hrs at 100V with 100 bp molecular weight marker 
(Amresco).  Gels were stained with ethidium bromide and pictured under UV light using 
the Kodak Image Station 4000MM Pro (Molecular Imaging Systems, Carestream Health 
Inc., Rochester, NY). Analysis of the gel banding patterns was done using BioNumerics 
(Applied Maths) and dendograms were generated using Pearson correlation similarity 
coefficient with optimization of 1% and the UPGMA clustering method. 
Phenotypic comparison 
     The 103 isolates were then screened for their ability to metabolize 190 carbon and 95 
nitrogen sources using phenotypic microarrays (PM1 and PM2A for carbon and PM3B 
for nitrogen) (Biolog, Hayward CA), according to manufacturer’s instructions without 
modifications (Mappley et al. 2012).  Microarray plates were inoculated and incubated 
anaerobically for 24 hours then read using a Biolog MicroStation reader.  Growth was 
measured using an optical density at 590 nm for PM1 and PM2A an optical density at 
750 nm for PM3B.  The following carbon sources were not analyzed due to abiotic 
reactions under anaerobic experimental conditions: arabinose, dihyderoxyacetone, D-
glucosamine, 2-hydroxybonzoic acid, 5-keto-D-gluconate, L-lyxose, palatinose, D-ribose, 
3-deoxy-D-ribose, sorbic acid, D-tagatose and D-xylose (Borglin et al., 2009; Mappley et 
al., 2012). The values were zeroed to account for background noise and any results ≤ 0.1 
O.D. (> 2 times background O.D.) were considered to have no growth.  In order to assess 
repeatability of the phenotypic arrays a subset of isolates were analyzed on 2 to 5 plates.  
The two carbon utilization arrays were combined for analysis of utilization patterns.  
Analysis of the data was done using BioNumerics (Applied Maths) for carbon and 
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nitrogen substrate sets.  The dendograms were generated using the Pearson correlation 
similarity coefficient and UPMGA clustering method. 
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Figure legends 
Figure 1.  Cluster analysis of 16S rRNA genes using UPGMA, dendogram with similarity 
values (%).  Bar at top is similarity continuum.  Differentiation among host by branch 
colors: cow – brown, goat – green, human – blue, and pig – pink. 
Figure 2.  Cluster analysis of BOX primer rep-PCR.  Similarity values (%).  A. B. ovatus; 
B. B. thetaiotaomicron.  Differentiation among host by branch colors: cow – brown, goat 
– green, human – blue, and pig – pink. 
Figure 3.  Cluster analysis of ERIC primers rep-PCR.  Similarity values (%).  A. B. 
ovatus; B. B. thetaiotaomicron; C. B. xylanisolvens.  Bar at top is similarity continuum.  
Differentiation among host by branch colors: cow – brown, goat – green, human – blue, 
and pig – pink.  
Figure 4. Cluster analysis of carbon substrate plates PM1 and PM2A utilization.  
Similarity values (%).  Bar at top is similarity continuum.  Differentiation among host by 
branch colors: cow – brown, goat – green, human – blue, and pig – pink. 
Figure 5. Cluster analysis of nitrogen substrate plate PM3B utilization.  Similarity values 
(%).  Bar at top is similarity continuum.  Differentiation among host by branch colors: 
cow – brown, goat – green, human – blue, and pig – pink. 
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CHAPTER 4: COMPARISON OF GENOMES OF 24 BACTEROIDES OVATUS, 
B. THETAIOTAOMICRON, AND B. XYLANISOLVENS ISOLATES OBTAINED 
FROM COW, GOAT, HUMAN, AND PIG FECES 
A paper to be submitted to Environmental Microbiology 
Todd Atherly and Cherie J. Ziemer 
Abstract 
     Isolates were compared using whole genome sequencing to try and determine possible 
genotypic differences between isolate species and between same species isolates 
originating from different host species.  24 isolates of B. ovatus, B. thetaiotaomicron, and 
B. xylanisolvens were recovered from cow, goat, human and pig fecal enrichments with 
cellulose or xylan/pectin.    The GC% content and gene numbers of the isolates compared 
to their type strain were similar but variation in overall genome size was seen in isolates 
of the same species.  A broad analysis of the Clusters of Orthologous groups (COGs) did 
not show host specificity.  A closer look at 4 COG categories (amino acid, carbohydrate, 
cell wall, and signal transduction) was done.  At this level of analysis some differences 
between isolate species and isolates of the same species from differing host species 
became noticeable.  Polysaccharide utilization loci (PULs) were compared for homology 
against the type strains of the isolates.  There was variation in the number of homologous 
and non homologous PULs and total number of PULs in the isolates was evidenced.  The 
glycoside hydrolase (GH) families in the isolates were identified compared.  Differences 
between the isolates of different Bacteroides species were seen and comparison of the 
Bacteroides xylanisolvens isolates showed host related differences.  The isolates were 
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compared against the type strains and each other to look for homologous capsular 
polysaccharide (CPS) loci.  Differences between homologous loci were seen in the 
downstream gene content in some of the CPS of isolates from different hosts.  The results 
of this study suggests that many of the genetic functions of the isolates in this 
Bacteroides clade are conserved but there is some variation in certain bacterial functions 
due to Bacteroides species and also mammalian host origin. 
Key words: Bacteroides ovatus, Bacteroides thetaiotaomicron, Bacteroides 
xylanisolvens, genomic comparison, intestinal bacteria 
Introduction 
     The gastrointestinal tracts (GIT) of vertebrates are among some of the most densely 
populated environments for microbes, housing trillions of cells with the majority found in 
the distal gut (Ley et al., 2006; Thomas et al., 2011). Intestinal bacterial populations show 
a low diversity at the phyla level and are dominated by Firmicutes and Bacteroidetes 
which account for about 80% of the bacteria.  Within the Bacteroidetes phyla the 
Bacteroides are the predominant genus (Ley et al., 2008a; Eckburg et al., 2005).  At the 
level of species and strains the amount of diversity increases dramatically, which has 
been partially attributed to host selective pressure and co-evolution (Ley et al., 2006; 
Bäckhed et al., 2005). 
    Bacteroides thetaiotaomicron, along with B. ovatus and B. xylanisolvens, form a clade 
that share close to 97% similarity in their 16S rRNA gene sequence (Atherly and Ziemer, 
2014).  Bacteroides contain clusters of genes that are collectively known as 
polysaccharide utilization loci (PULs) that translate into cell envelope associated proteins 
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that metabolize dietary plant polysaccharides and host mucosal glycans (Martens et al., 
2009; Shipman et al., 2000; Dodd et al., 2011; Xu et al., 2003).  Within the PULs are 
SusC and SusD homologs that are outer membrane proteins that bind and transport 
polysaccharides.  The PULs often contain sensor-regulator systems (extracytoplasmic 
function σ factors and hybrid two-component systems) that control gene expression of the 
PUL (Karlsson et al. 2011; Martens et al., 2011).  The polysaccharide catabolism ability 
of the Bacteroides within this clade have demonstrated the ability to utilize the main 
polysaccharides found in plant cells and gut mucosa as carbon sources, with the 
exception of cellulose.  The 3 species overlap in some of the polysaccharides they are 
capable of degrading; however there is some polysaccharide specificity for each species.  
For example, B. thetaiotaomicron can utilize mucin O-glycans and other host produced 
polysaccharides that B. ovatus cannot while B. ovatus can utilize a number of 
hemicelluloses that B. thetaiotaomicron cannot.  This allows for these Bacteroides 
species to inhabit separate niches within the host gut (Martens et al., 2011). 
     Co-evolution, defined as the reciprocal adaptations of each lineage in response to the 
other, has resulted in differences in microbial composition among host species and is 
helpful in understanding the relationships between host and microbiota (Zaneveld et al., 
2009). Comparison of microbial community 16S rRNA gene sequences from fecal 
samples across a wide range of host species revealed that microbial communities co-
diversified with their host (Ley et al., 2008b); suggesting evolutionary interaction 
between a host and their microbiota.  However, the use of 16S rRNA gene sequences 
only represents phylogenetic diversity and may underestimate microbial functional 
diversity because it does not detect evolutionary events in other areas of the genome, thus 
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fails to differentiate among similar bacteria with distinct ecological roles (Koeppel et al., 
2008).  Co-evolution could be investigated using a single bacterial species or a closely 
related phylogenetic group that reside in multiple hosts; one would expect to find 
subpopulations specific to each host (Oh et al., 2010).  Prior work on Bacteroides ovatus, 
B. thetaiotaomicron, and B. xylanisolvens isolated from multiple hosts (cow, goat, 
human, and pig) compared 16S rRNA gene sequencing and carbon and nitrogen substrate 
utilization of these isolates was unable to differentiate isolates among hosts (Atherly and 
Ziemer, 2014).  This earlier work also utilized repetitive sequence based PCR to analyze 
genotype banding patterns for host specificity.  Differences in genotype were identified 
between Bacteroides isolates cultured from different host species; however, all isolates 
from a host origin did not group together.  In this study we used whole genome 
sequencing to conduct detailed comparisons of 24 members of this Bacteroides clade to 
determine if there are host specific differences in a number of genes. 
Material and Methods 
Whole genome sequencing 
     24 Bacteroides (6 B. ovatus, 7 B. thetaiotaomicron, and 11 B. xylanisolvens) were 
isolated from cow, goat, human, and pig hosts.  The DNA from these isolates was 
extracted using DNeasy kit (Qiagen Sciences, Germantown, Maryland) according to 
manufacturer’s instructions.  The DNA was fragmented using the Covaris S220 Focused-
ultrasonicator (Covaris, Inc. 14 Gill Street, Unit H Woburn, Massachusetts) to 
approximately 100-900 bp for preparation of DNA libraries.  Libraries of DNA were 
prepared for whole genome sequencing using TruSeq Sample Preparation kit (Illumina, 
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San Diego, California) in accordance with manufacturer’s instructions.  Paired ends 
sequencing was done on an Illumina HiSeq 2000 (Illumina) by the Iowa State University 
DNA Sequencing and Synthesis Facility (Ames, Iowa).   
     The sequences were assembled using Velvet v. 1.0.17 (Zerbino et al. 2008) genome 
assembly software (EMBL-EBI, Cambridge, United Kingdom).  After assembly the 
sequences were entered into the Intergrated Microbial Genomes and Metagenomes (IMG) 
site run by the Joint Genome Institute (JGI) (Walnut Creek, California) for annotation 
through the JGI annotation pipeline (Markowitz et al. 2012).  The annotated isolates were 
deposited into IMG under the isolate name and the 16S rRNA gene sequences are 
available in Genbank under the accession numbers found in Table 1.  The genomes of the 
type strains (B. ovatus ATCC8483, B. thetaiotaomicron VPI-5482, and B. xylanisolvens 
XB1A) were obtained from the IMG database (Washington University St. Louis, 
unpublished; Xu et al. 2003; Sanger Institute, unpublished).   
Genome analysis and comparison 
     The IMG system of JGI was used to analyze genome features and compare isolate 
genomes to the type strains and each other.  Unique and conserved Clusters of 
Orthologous Groups (COGs) between the isolates and type strains were determined using 
the abundance profile feature in IMG based on COG functions.  IMG uses Reverse 
Position Specific BLAST computations against NCBI’s Conserved Domain Database for 
association of genes with their COGs.  IMG uses hmmsearch with a BLAST pre-filter to 
narrow hidden Markov models. 
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Polysaccharide Utilization Loci homology 
     Isolate genomes were compared against the type strain of the isolate species for 
homologous and non homologous polysaccharide utilization loci (PULs).  The IMG 
Genome Gene Best Homolog tool with a 30% minimum amino acid sequence identity 
was used to identify homologous proteins in the PULs.  The identification of non 
homologous PUL used the IMG tool Phylogenetic Profiler for Single Genes tool with 
maximum E-value of 1e-10 and minimum percent identity of 70%.  After identification 
the genes were cross checked for homology or non homology with the type strain using 
IMG Conserved neighborhood tool and Artemis Comparison Tool (ACT) (Carver et al., 
2005). 
Glycoside Hydrolase comparison 
     Signature sequences for the glycoside hydrolase families of the type strains of B. 
thetaiotaomicron and B. xylanisolvens were found in the Carbohydrate Active Enzymes 
website (Cantarel et al. 2009).  These sequences were compared against the isolate 
genomes using Blastp with an e value cut off of 10
-2
 to identify the number of glycoside 
hydrolases in the isolates.  The isolate sequences found in the Blastp search were run on 
dbCAN (Carbohydrate-active enzyme annotation) software (Yin et al, 2012) to confirm 
the protein sequence identity. 
Capsular Polysaccharide search 
     The sequences of isolate genomes were searched for homologs of UpxY from 
Bacteroides fragilis (a putative transcriptional regulator) found in the capsular 
polysaccharide (CPS) locus.  This gene is conserved in and used to identify CPS loci in 
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Bacteroides species.  Searches used Blastp with an e value of 1e-5.  An additional search 
was done looking for homologs of UpxZ, a putative inhibitor of heterologous CPS, gene 
often associated with UpxY in the CPS loci.  A tyrosine-type site specific recombinase, 
XerD, was identified in some of the CPS using the neighborhood regions with best 
bidirectional hits tool of IMG.  Comparison of the genes in the CPS loci for homology 
between isolates was done using the neighborhood regions with best bidirectional hits 
tool in IMG. 
Results 
General Genome statistics 
     Analysis and comparison of isolate and type strain genomes revealed that they are 
quite similar in GC content and gene numbers; however, there were differences in 
genome size among isolate of the same species (Table 2).  Within the B. ovatus isolates, 
all had a GC content of 42%, the same as the type strain.  The B. ovatus isolates had the 
greatest range of genome sizes compared with type strain (~ 6.5 Mbp),  from ~ 5.9 – 6.0 
Mbp in the 2 cow isolates NLAE-zl-C11 and NLAE-zl-C34 to ~ 7.4 Mbp in 2 human 
isolates NLAE-zl H59 and NLAE-zl-C34. The B. thetaiotaomicron isolates and type 
strain all had a GC content of 43%, there were 4 isolates that had genomes larger than the 
type strain (~6.3 Mbp) at ~6.4 and ~6.8 Mbp and 3 isolates with smaller genomes ~6.2 
Mbp and ~6.0 Mbp.  Bacteroides xylanisolvens isolates and type strain contained a GC 
content of 42%; the genomes were more similar in size for isolates of this species with 
only ~0.1 Mbp lower to ~0.2 Mbp higher than the type strain’s ~6.0 Mbp genome.  
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Clusters of Orthologous Groups (COG) comparison 
     Broad COG classifications for isolates of each species are presented in Table 3 (B. 
ovatus), Table 4 (B. thetaiotaomicron) and Table 5 (B. xylanisolvens).  There were no 
host specific differences apparent across these COG classifications, so the following 
COG categories were assessed in more detail:  amino acid transport and metabolism, 
carbohydrate transport and metabolism, cell wall/membrane/envelope, and signal 
transduction.  
The analysis of the amino acid transport and metabolism COGs revealed a great deal 
of similarity across isolates from all Bacteroides species (Supplemental Table 1-3). A 
total of 147 amino acid utilization COGs were present across all Bacteroides species.  
Only 1 COG had >10 copies in all genomes, lysophospholipase L1 and related esterases 
(COG2755).  There were differences in the number of amino acid utilization COGs (and 
genes) between the type strain and isolate and by host origin; the number of genes 
depends on how many copies of each COG is present in a genome.  The B. ovatus type 
strain had 130 amino acid utilization COGs (191 genes), cow isolates averaged 124 
COGs (200 genes) and human isolates averaged 128 COGs (209 genes). In B. 
thetaiotaomicron type strain there were 128 amino acid utilization COGs (191 genes), 
cow isolates averaged 126 COGs (199 genes), goat averaged 124 COGs (201 genes), 
human averaged 124 COGs (198 genes) and pig averaged 124 COGs (197 genes).  The B. 
xylanisolvens type strain had 122 amino acid utilization COGs (182 genes), the cow 
isolates averaged 128 COGs (198 genes), goat isolates averaged 124 COGs (189 genes), 
human isolates averaged 126 COGs (196 genes) and pig isolates averaged 126 COGs 
(204 genes).  Three amino acid utilization COGs were different across Bacteroides 
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species: histidinol phosphatase and related phosphatases (COG0241) present in B. 
thetaiotaomicron and B. xylanisolvens but absent in B. ovatus; chorismate mutase 
(COG1605) was present in B. ovatus only; and COG1167, transcriptional regulators 
containing a DNA-binding HTH domain and aminotransferase domain (MocR family) 
and eukaryotic orthologs, was not found in B. thetaiotaomicron but was present in strains 
of the other 2 species. There were only a few potential host differences within a 
Bacteroides species: the arginase/agmatinase/formimionoglutamate hydrolase, arginase 
family (COG0010) was only found in B. ovatus and B. thetaiotaomicron strains from 
humans and in B. thetaiotaomicron peptidase E (COG3340) was only detected in isolates 
from cows and pigs.  
     Analysis of the COG carbohydrate transport and metabolism category reveals 129 
COGs, with many present in all isolates (Supplemental Table 4-6).  Nine COGs had ≥10 
copies detected in the genomes of all sequenced strains, including the type strain.  
Bacteroides thetaiotaomicron and B. xylanisolvens type strains had fewer COGs than the 
isolates whereas in B. ovatus the type strain had more COGs than the isolates.  Similar to 
amino acid transport and metabolism COGs, the number of carbohydrate utilization 
COGs (and genes) differed among the type strain and the environmental isolates.  The B. 
ovatus type strain had 112 carbohydrate utilization COGs (373 genes), the cow isolates 
averaged 108 COGs (360 genes) and human isolates averaged 111 COGs (398 genes). In 
B. thetaiotaomicron there were 103 carbohydrate utilization COGs (336 genes) in the 
type strain, with cow isolates at 105 COGs (365 genes), goat at 109 COGs (374 genes), 
human averaged 108 COGs (364 genes) and pig at 107 COGs (350 genes).  The B. 
xylanisolvens the type strain had 101 carbohydrate utilization COGs (306 genes), the cow 
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isolates averaged 106 COGs (335 genes), goat isolates 107 COGs (336 genes), human 
107 COGs (338 genes) and pig 107 COGs (366 genes).   A number of carbohydrate 
utilization COGs were differentially distributed amongst the Bacteroides species, 
including β-1,4-xylanase (COG3693), α-glucuronidase (COG3661), H+/gluconate 
symporter and related permeases (COG2610) found in B. ovatus and B. xylanisolvens 
strains, but none in B. thetaiotaomicron strains while ABC-type sugar transport systems, 
ATP components (COG 3839) and PEP phosphonomutase and related enzymes (COG 
2513) were only present in B. thetaiotaomicron strains.  Within a Bacteroides species 
there appeared to be some differences in carbohydrate utilization COGs present due to 
host origin.  The B. ovatus strains from humans had β-mannanase (COG4124), glycerol 
uptake facilitator and related permeases (COG0580), α-mannosidase (COG0383), endo- 
β-mannase (COG3934), and hexokinase (COG5026) but cow strains did not.  
Carbohydrate utilization COGs present in cow but not in human strains were ABC-type 
polysaccharide/polyphosphate transport system, ATPase component (COG1134) and 
ABC-type polysaccharide/polyphosphate export systems permease component 
(COG1682).  Only the pig B. thetaiotaomicron had copies of endoglucanase (COG2730), 
exopolysaccharide biosynthesis protein (COG5039), predicted nucleoside-diphosphate-
sugar epimerases (COG0702) and neutral trehalase (COG1626). Again, in the B. 
xylanisolvens isolates, the primary host difference was for pig isolates that were either 
missing a carbohydrate utilization COG or had a COG not found in isolates from the 
other hosts. Both predicted nucleosidease diphosphate sugar epimerase (COG1086) and 
glycosyltransferases, related to UDP-glucuronosyltransferase (COG1819) were not 
present while neutral trehalase (COG 1626), transketolase, C-terminal subunit (COG 
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3958) and transketolase, N-terminal subunit (COG 3959) were present only in strains 
isolated from the pig.       
There were 123 COGs in the cell wall/membrane/envelope COG category 
(Supplemental Table 7-9).  These cell wall associated COGs were distributed as follows: 
B. ovatus 94 COGs (279 genes) in type strain, 105 in cow (286 genes) and human 
averaged102 (342 genes); B.thetaiotaomicron type strain had 99 COGs (327 genes), 102 
in cow (366 genes), 103 in goat (366 genes), human averaged 102 (384 genes) and 106 in 
pig (351 genes) isolates; and B. xylanisolvens 97 COGs (263 genes) in type strain, cow 
and goat isolates also had 97 COGs (298 and 293 genes, respectively), with 100 COGs in 
human (307 genes) and pig averaged 94 COGs (280 genes) isolates. The type strains for 
B. ovatus and B. thetaiotaomicron had fewer cell wall associated COGs than the isolates.  
All 3 type strains did not have cell division septal protein (COG 1589) which was present 
in all isolate genomes.  Outer membrane lipoprotein-sorting protein (COG 2834) was 
present in the type strain and all isolates of B. ovatus but was missing in all the other 
genomes except for the B. thetaiotaomicron type strain and a pig B. xylanisolvens isolate.  
While all 3 type strain genomes contained bacterial lipcalin (COG 3040), it was only 
present in one human B. ovatus isolate.  Four cell wall associated COGs had 10 or more 
copies per genome with an additional 4 COGs with more than 10 copies in most of the 
genomes.  There were a number of cell wall associated COGs that were differentially 
present depending on Bacteroides species.  Bacteroides thetaiotaomicron was missing 2 
COGs, teichoic acid biosynthesis proteins (COG 1922) and 4-amino-4-deoxy-L-
arabinose transferase and related glycosyltransferases of PMT family (COG 1807), that 
were present in the B. ovatus and B. xylanisolvens genomes.  All of the B. ovatus and B. 
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xylanisolvens genomes lacked opacity protein and related surface antigens (COG 3637) 
and outer membrane lipoprotein (COG 3133) COGs; these COGs were also missing from 
the B. thetaiotaomicron type strain but present in the isolate genomes.  Putative 
glycosyl/glycerophosphate transferases involved in teichoic acid biosynthesis Tag F/Tag 
B/Eps J/Rod C (COG 1882) COG was present in B. thetaiotaomicron but missing from 
all B. xylanisolvens and B. ovatus genomes, except for the cow B. ovatus isolates.  All B. 
xylanisolvens genomes did not have COG 3015, uncharacterized lipoprotein NlpE 
involved in copper resistance; while all B. ovatus and B. thetaiotaomicron genomes 
contain this COG.  In B. ovatus genomes, only cow isolates contained ABC-type 
polysaccharide/polyphosphate export system components (permease component COG 
1682 and ATPase component COG 1134), these COGs were not present in the other 
Bacteroides genomes.  While LPS biosynthesis protein (COG 3475) was in all B. ovatus 
and B. xylanisolvens genomes it was only found in the genomes of pig B. 
thetaiotaomicron isolates.  Similarly, outer membrane protein W (COG 3047) was only 
found in the B. xylanisolvens type strain and pig isolate genomes; in contrast, predicted 
nucleoside-diphosphate sugar epimerase (COG 1086) was found in all genomes except 
for B. xylanisolvens type strain and pig isolate genomes. 
     Within the signal transduction COG category there were 54 COGs present with 25 
core COGs which were present in all genomes (Supplemental Table 10-12), but no 
distinct Bacteroides species or host origin differences were detected.  The human isolates 
had the greatest number of signal transduction COGs, but not gene numbers, in the 
genomes from all 3 Bacteroides species. There were 33 COGs (200 genes) in the B. 
ovatus type strain with 33 (197 genes) and an average of 38 (223 genes) COGs in the cow 
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and human genomes, respectively.  In the B. thetaiotaomicron genomes, type strain 
contained 36 signal transduction COGs (197 genes), cow 34 COGs (189 genes), goat 38 
COGs (201 genes), human averaged 40 COGs (196 genes), and pig 32 COGs (177 
genes).  Bacteroides xylanisolvens genomes had 34 signal transduction COGs (155 
genes) in the type strain, 33COGs (172 genes) in cow, 35 COGs (182 genes) in goat, 36 
COGs (180 genes) in human and 33 COGs (194 genes) in pig isolates.  There were 25 
core signal transduction COGs that were present in all genomes.  Three COGs had >10 
copies each; signal transduction histine kinase (COG 0642), Fe
2+
-dicitrate sensor, 
membrane component (COG 3712) and cAMP-binding proteins gene activator and 
regulatory subunit of cAMP-dependent protein kinases (COG0664).  Interestingly, COG 
0745 (response regulators consisting of Che Y-like receiver domain and a winged-helix 
DNA-binding domain) were detected at > 22 copies in the B ovatus and B. 
thetaiotaomicron but in ≤ 8 copies in B. xylanisolvens. Nine signal transduction COGs 
were only missing from the genomes of some of the type strains or a few isolates, 7 
signal transduction COGs were present in at least 5 genomes and 13 signal transduction 
COGs were in only 1 to 4 genomes.   
Polysaccharide Utilization Loci (PULs) comparisons 
     The isolate genome sequences were compared to the Bacteroides type strains of their 
species to compare homology of the PULs found in the isolates and to identify PULs that 
are non-homologous to the type strain genome.  Variation in the number of homologous, 
non-homologous PULs and total PULs amongst isolates and against type strains was 
evident (Table 6).  For B. ovatus 112 putative PULs have been identified in the B. ovatus 
ATCC 8483 type strain (Martins et al. 2011).  Cow isolates (NLAE-zl-C11 and NLAE-
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zl-C34) had 57 homologous PULs and 44 non-homologous for a total of 101 PULs, while 
human isolate were more variable in number of PULs.  Human isolates NLAE-zl-H304 
and NLAE-zl-H361 had 104 (68 homologus and 36 non-homologous) and 110 (69 
homologous and 41 non-homologous) total PULs, respectively; similar total PULs to B. 
ovatus type strain.  Human isolate genomes for NLAE-zl-59 and NLAe-zl-73 had more 
PULs (124 and 123 respectively), both had 80 homologous PULs with 44 and 43 non-
homologous.   
     A large majority of the putative PULs identified in the B. thetaiotaomicron isolates are 
homologous to the 88 putative PULs found in the type strain VPI-5842 (Martens et al. 
2008).  Isolates from cow and goat feces had the highest number of PULs homologous to 
the type strain (84 and 82 homologues, respectively) while the pig isolates had fewer (70) 
homologous PULs.  The pig isolates, along with human isolate NLAE-zl-H207, had the 
most non-homologous PULs at 16 and 17, respectively bringing their total PULs to 
within 86 to 94.  The number of homologous PULs found in B. xylanisolvens isolates 
ranged from 34 to 43 per isolate, compared to 64 putative PULs found in B. xylanisolvens 
type strain (Eric Martens, personal communication).  Pig isolates had the fewest (34-35 
per isolate) and cow isolates had the most (41-43 per isolate) homologous PULs.  There 
were a large number of non-homologous PULs.  In contrast to homologous PULs, the pig 
isolates have the highest (64-65 per isolate) non-homologous PULs while the cow 
isolates had fewer (42 per isolate) non-homologous PULs.  Total number PULs in all B. 
xylanisolvens isolates was greater than the 64 putative PULs in the type strain with the 
averages of 84, 87, 82 and 99 total PULs in cow, goat, human and pig, respectively.  
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Glycoside Hydrolase comparison 
     The isolate genomes were annotated and scanned to identify presence and number of 
glycoside hydrolase (GH) families.  All of the isolates contain genes identify with 56 GH 
families.  Five GH families (GH2, GH3, GH20, GH 43, and GH 92) were present in all 
genomes in high copy numbers (between 10 and 33 copies) and GH 28 was present in 
high copy numbers in B. ovatus and B. xylanisolvens but < 10 copy numbers in B. 
thetaiotaomicron genomes.  Other GH families that were found in 10 or more copy 
numbers in some genomes included GH 31, GH 76, GH 88, GH 95, GH 97, GH 109 and 
GH 109. The Bacteroides species differed in the number of GH families present with 52 
in B. ovatus and B. xylanisolvens and 46 in B. thetaiotaomicron genomes. Each 
Bacteroides species had at least 1 GH family that was unique: in B. ovatus GH 15 and 
GH 9 (in some genomes), in B. thetaiotaomicron GH 84 and in B. xylanisolvens GH 101. 
A number of GH families were missing from one Bacteroides species but found in the 
other two.  GH 10 (endo-1, 4-β-xylanase and endo-1, 3-β-xylanase) and GH 50 (β-
agarase) were found in B. ovatus and B. xylanisolvens but not in B. thetaiotaomicron.   
     Bacteroides ovatus type strain contained 310 genes, from 50 GH families, in the 
genome (Supplemental Table 13).  Difference in number of GH families in type strain 
with total numbers for species was due to 3 GH families that were absent from the type 
strain but present in some (GH 65 and GH 117) or all (GH 99) of the isolate genomes.  
There were 7 GH families (GH 9, GH 26, GH 38, GH 50, GH 91, GH 93 and GH 99) 
present in the type strain but absent in the genomes of some isolates. Within the B. ovatus 
isolates the total number of genes ranged from 263 to 314. 
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     The type strain of B. thetaiotaomicron contains 261 genes from 47 GH families 
(Supplemental Table 14).  Three GH families were not found in all the B. 
thetaiotaomicron genomes; GH 67 was in the type strain only, GH 93 was in the type 
strain but not all of the isolates and GH 26 was in all of the isolates but not the type 
strain.  The total number of genes ranged from 250 to 266 for B. thetaiotaomicron 
isolates, lower variation than in either B. ovatus or B. xylanisolvens isolates. 
     The B. xylanisolvens type strain had 218 genes from 48 GH families, (Supplemental 
Table 15).  Three GH families (GH 26, GH 91, and GH 117) were detected in the type 
strain but missing from some of the isolates.  GH 93 was missing from the type strain but 
present in all isolates while 4 GH families (GH 53, GH 98, GH 101, GH 110) were 
missing from the type strain but found in only some of the isolates.  Both GH 53 and GH 
101 were only found in pig isolate genomes, which contributed to those genomes having 
the largest number of glycoside hydrolase genes (287 to 294).  Across all isolates the 
number of genes ranged from 241 to 294, more than were found in the type strain.   
Capsular Polysaccharide comparison 
  The UpxY gene, a putative transcriptional regulator, is conserved in and used to identify 
the capsular polysaccharide (CPS) loci.  The blastp search on the B. ovatus type strain 
against UpxY gene identified 7 putative CPS loci, but no hits were found for UpxZ, a 
putative inhibitor of heterologous CPS, or XerD, a tyrosine-type site specific 
recombinase, genes.  In isolates, UpxY was identified between 4 and 6 hits as seen in 
Table 7.  As with the type strain no UpxZ were detected in B. ovatus or B. xylanisolvens 
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isolates.  Homologs of the XerD recombinase were identified in nearly all isolate CPS 
loci. 
     In the B. thetaiotaomicron type strain genome 7 UpxY and 5 UpxZ homologs were 
identified.  The isolates contain 6 to 8 UpxY homologs and 5 to 6 UpxZ homologs.  
Within the type strain, cow, and goat isolates a XerD recombinase homolog was 
identified in four of 7 CPS loci and in one human XerD homologs were identified in 5 of 
8 CPS loci.  In human and pig isolates XerD homologs were identified in 4 of 6 CPS loci 
(Table 7).   
     Four UpxY homologs were identified in B. xylanisolvens type strain but no UpxZ 
homologs were identified.  The isolates had a range of 4 to 7 CPS loci identified by 
UpxY homologs, no UpxZ homologs were detected.  In cow, goat, and human B. 
xylanisolvens isolates, XerD was identified in all but 1 CPS loci; however, 2 loci did not 
contain this recombinase in the type strain and NLAE-zl-C29.  In contrast, 3 to 4 CPS 
loci were missing XerD recombinase in the pig isolates (Table 7). 
     Locus tag Bacova 02457, a CPS locus in B. ovatus and B. xylanisolvens, demonstrated 
host specific difference (Figure 1).  The B. ovatus type strain and the human isolate 
NLAE-zl-H361 were homologous for this locus.  The cow isolates NLAE-zl-C11 and 
NLAE-zl-C34 demonstrated differences due to host origin, only the UpxY and XerD 
genes were homologous but downstream genes differed from those in the type strain and 
human isolates.  The B. xylanisolvens isolates and type strain show homology in the 
UpxY and XerD genes to the B. ovatus type strain with a loss of homology in genes both 
upstream and downstream from CPS core genes.  A comparison among the B. 
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xylanisolvens isolates showed differences in gene composition of the CPS loci between 
isolates obtained from different hosts, while the CPS loci of isolates from the same host 
were almost identical in gene composition.  There was one exception in B. xylanisolvens, 
NLAE-zl-C29, which lacked gene homology with the other cow B. xylanisolvens isolates 
at this CPS loci (Figure 1). 
     The UpxY gene from the B. thetaiotaomicron type strain was only homologous with 
those contained in isolate genomes of that species.  The neighborhood regions with the 
UpxY genes best bidirectional hits gave loci in which UpxY and a few downstream genes 
had homology in all isolates but then differed in gene homology farther downstream and 
these differences were often host related, similar to what was seen with B. ovatus and B. 
xylanisolvens (Figure 2).  There was one exception in the CPS loci located in B. 
thetaiotaomicron BT0462-BT0481 (Figure 3).  Here the isolates showed homology at the 
UpxY gene and of those genes downstream in the CPS loci no matter the host origin of 
the isolate.  
Discussion 
     In a prior study, these Bacteroides isolates were compared using phenotypic 
characteristics to look for evidence of co-evolution of the isolates with their host of origin 
(Atherly and Ziemer, 2014).  The results demonstrated that these isolates have similar 
patterns of carbon and nitrogen substrate utilization that was unaffected by host origin.  
Repetitive sequence based PCR was also run on these isolates in which genomic 
differences were detected in the banding patterns due to the host species the isolate was 
obtained from.  These differences prompted us to evaluate genome sequencing for 24 of 
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these isolates in order to examine similarities and differences that may occur due to the 
co-evolution of bacteria and host. 
     The Bacteroides species within this clade are phylogenetically very closely related as 
determined by a16S rRNA gene sequence similarity of ≥ 96.5% (Atherly and Ziemer, 
2014).  With this in mind the results of the genome statistics demonstrating a large range 
in genome size and number of genes was unexpected.  By looking at the COGs of these 
isolates it was hoped to identify functions that might show a differentiation between 
isolates due to host origin.  COG searches of these isolates showed there were no host 
specific differences apparent across these COG classifications.  Across all isolates, for all 
three Bacteroides species, the COG categories of amino acid transport and metabolism, 
carbohydrate transport and metabolism, cell wall/membrane/envelope biogenesis, and 
signal transduction mechanisms had the greatest abundance of genes.  The large number 
of genes in these COG categories suggests that they play an important role in Bacteroides 
function, thus the genes within these categories were examined in more detail.  A 
comparison of all of the isolates demonstrates that there are a set of core COGs shared by 
all isolates, regardless to the isolates Bacteroides species and host origin.  Differences in 
the ability of B. ovatus and B. thetaiotaomicron to utilize available polysaccharides have 
been demonstrated (Martens et al., 2011) which gave reason to examine the Carbohydrate 
transport and metabolism COG category.  These Bacteroides showed limited nitrogen 
utilization (Atherly and Ziemer, 2014) which warranted investigating the Amino Acid 
transport and metabolism COG category.  One would expect differences in the genome 
among Bacteroides isolates of the same species due to host origin to be in an area where 
the bacteria and the host physically interact, the outer cell structures.  The COGS of the 
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cell wall/membrane/envelope biogenesis and signal transduction mechanism categories 
warranted a closer examination.  Carbohydrate transport and metabolism COGs were 
found in greater abundance compared to amino acid transport and metabolism COGs; this 
may reflect the ability of these Bacteroides to utilize a wide range of carbohydrates as 
compared a limited range of nitrogen sources (Atherly and Ziemer, 2014).  The 
Carbohydrate transport and metabolism COG gene numbers of isolates within the same 
species demonstrated a high level of similarities independent of the host origin.  While 
not conclusive, due to the small sample size, the B. xylanisolvens isolates appear to 
demonstrate specific host origin differences.  The isolates obtained from pigs had three 
carbohydrate metabolism and transport COGs not found in any other from the other 
hosts; neutral trehalase (COG 1626), transketolase, C-terminal subunit (COG 3958) and 
transketolase, N-terminal subunit (COG 3959).  Within the B. xylanisolvens isolates there 
is a large increase in the number of COG genes in carbohydrate transport and metabolism 
in comparison to the type strain with the largest being those in the isolates from the pig.  
It was within this COG category that differences were seen between the isolates from B. 
thetaiotaomicron, which does not contain genes for COG3693, β-1-4-xylanase, and 
COG3661, α-glucuronidase, and B. ovatus and B. xylanisolvens isolates which do.  
Having the xylanase allows for B. ovatus and B. xylanisolvens to utilize hemicelluloses 
(Martens et al., 2011).  Interestingly, isolates had increased abundance of cell 
wall/membrane/envelope COG genes compared to each species type strain.  Perhaps due 
to the length of time grown outside of the host the type strains may have lost some of 
these genes; the cell wall/membrane/envelope COGs should reflect some of the 
interactions between bacteria and the host. 
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     We anticipated that within a Bacteroides species there would be differences in PULs 
which corresponded to difference in the diet fed to each host.  The similar abundance of 
PULs in isolates and type strains of B. ovatus and B. thetaiotaomicron indicated no 
significant loss or gain of PULs due to host diet or gastrointestinal physiology.  The 
Bacteroides xylanisolvens type strain has been evaluated for PULs to a lesser extent than 
those of B. ovatus and B. thetaiotaomicron (Eric Martens, personal communication). 
Thus the higher number of PULs identified (both homologous and nonhomologous) in 
isolates compared to the type strain may be a reflection of fewer identified PULs in the B. 
xylanisolvens type strain rather than actual difference.  Among B. xylanisolvens isolates 
and the types strain no differences in carbohydrate utilization were observed (Atherly and 
Ziemer, 2014).  Across all three Bacteroides species, polysaccharide utilization 
functionality appears to be maintained even though there was a significant proportion of 
nonhomologous PULs in the isolates compared to the type strain. 
     One of the main characteristics of these bacteria is their large repertoire of glycoside 
hydrolases (Xu et al. 2003).  A comparison of B. ovatus isolates obtained from the 
different host species showed that the isolates contain similar GH families.  The same 
results were found in the B. thetaiotaomicron isolate comparison between hosts.  Isolates 
of B. xylanisolvens showed differences in glycoside hydrolase composition that seems to 
be associated to host.  Only B. xylanisolvens isolates from pigs contain the glycoside 
hydrolase family 101 endo-α-N-acetylgalactosaminidase.  This enzyme has a 37% G+C 
content and has not been identified in Bacteroides isolates before and normally resides in 
Bifidobacterium, Firmicutes, and a few other gram positive bacteria, suggesting that these 
isolates obtained the enzyme through lateral gene transfer.  The isolates of different 
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Bacteroides species contain most of the same GH families, but each Bacteroides species 
does have at least 1 GH family that was unique.  The ability for each Bacteroides species 
to utilize specific polysaccharides that the others cannot allows the species to inhabit 
different niches in the gastrointestinal environment (Martens et al. 2011). 
      The Bacteroides have the ability to produce multiple capsular polysaccharides (CPS) 
with each having a different CPS structure and antigenicity (Kuwahara et al., 2004).  The 
gene loci that transcribe the CPS were found to contain one or two regulatory proteins, 
UpxY; a putative transcriptional regulator or UpxZ homologs, which inhibit the 
production of heterologous CPS (Xu et al., 2003; Chatzidaki-Livanis et al., 2010).  
Downstream of the UpxY homolog are genes for polysaccharide biosynthesis and export 
(Kuwahara et al., 2004).  Expression of some of the CPS loci is controlled through 
inversion of promoters which allows the bacteria to vary its outer membrane structure 
and the promoters are in turn controlled by the XerD tyrosine-type site-specific 
recombinase (Kuwahara et al., 2004).  This variation affects the bacteria’s interaction 
with the host and other intestinal microbes and could allow the bacteria to evade the 
host’s immune system (Comstock et al., 2003; Xu et al., 2003).  It is within the CPS that 
differences between the isolates due to host origin were seen.  The majority of UpxY 
genes of B. ovatus have homologs found in B. xylanisolvens which indicates that these 
species might have recently evolved from a close common ancestor.  That the B. ovatus 
and B. xylanisolvens CPS loci did not show any homology to those found in the B. 
thetaiotaomicron could be due to the niche that these bacteria have found in the gut.  
Bacteroides thetaiotaomicron has demonstrated the ability to use host mucin O-glycans 
and the more soluble structures of the plant cell wall which enhances their ability to 
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colonize the mucus layer of the gut epithelium.  Bacteroides ovatus is able to use the less 
soluble cell wall structures that are located in the gut lumen (Martens et al. 2011).  These 
different niches, often in direct contact with the host, would explain the differences in 
CPS loci gene content between Bacteroides species.  Closely related isolates from 
differing hosts share some core genes in the CPS but synteny ends downstream of the 
core genes.  These differences in CPS could represent the evolution of the isolate to the 
host environment.  There is one exception and that is CPS2 of B. thetaiotaomicron.  This 
CPS is located between two putative PULs, BT0446-BT0460 and BT0483-0484.  The 
upstream PUL has been identified as utilizing host glycans (Martens et al. 2008).  
Homologs of the genes in the CPS loci are found in all of the B. thetaiotaomicron isolates 
independent of the host origin.  An increase in the transcription of CPS2 has been tied to 
the regulation of the O-glycan PUL BT3983-94 (Martens et al. 2009).  The large number 
of CPS and the bacteria’s ability to influence the host immune response allow for co-
existence of the host and microbiota (Xu et al. 2007).   
     This clade of Bacteroides contains a large amount of PULs and GHs that allow them 
to utilize most of the plant polysaccharides and host glycans found in the gastrointestinal 
environment.  These genes are regulated to allow for preferential use of polysaccharides 
that are abundant in the heterogenic environment of the host intestinal tract.  This ability 
makes them important generalist and has allowed them to inhabit hosts that have different 
diets and digestive physiology (Xu et al. 2007).  There are differences within the 
genomes of these species that allow them to find their own niche in a host, most notably 
in the polysaccharide utilization genes.  Many more cultured Bacteroides from these 
hosts are available for study which could lead to a better understanding of the molecular 
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mechanisms for polysaccharide degradation which can be useful in both industrial 
practices and human health and nutrition.  
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Table 2. Genome statistics for Bacteroides isolates and type strains of B. ovatus, B. 
thetaiotaomicron, and B. xylanisolvens. 
 
Name NCBI ID
a
 GC % Bases Genes 
Bacteroides ovatus ATCC 8483
b 
X83952 42 6463169 5630 
NLAE-zl-C11 JQ607822 42 5930509 4633 
NLAE-zl-C34 JQ607816 42 5988099 4705 
NLAE-zl-H304 JX006520 42 6526796 5937 
NLAE-zl-H361 JX006574 42 6486726 5334 
NLAE-zl-H59 KC107215 42 7456184 6253 
NLAE-zl-H73 KC107216 42 7434324 6201 
     
Bacteroides thetaiotaomicron VPI-5482
b 
L16489 43 6293399 4917 
NLAE-zl-C523 JQ608223 43 6365074 5289 
NLAE-zl-G288 JX048308 43 6424162 5124 
NLAE-zl-H207 JX006430 43 6187521 4980 
NLAE-zl-H463 JX006674 43 6796854 5866 
NLAE-zl-H492 JX006701 43 6792460 5906 
NLAE-zl-P32 JQ606978 43 6011074 4816 
NLAE-zl-P699 JQ607479 43 6010507 4832 
     
Bacteroides xylanisolvens XB1A
b 
AM230650 42 5976145 4466 
NLAE-zl-C182 JQ607913 42 5858474 4752 
NLAE-zl-C29 JQ607779 42 5919655 4831 
NLAE-zl-C339 JQ608051 42 5856021 4739 
71 
 
 
Table 2 continued 
     
NLAE-zl-G310 JX048573 42 6111615 4932 
NLAE-zl-G421 JX048413 42 6112307 4932 
NLAE-zl-H194 JX006767 42 5929022 4913 
NLAE-zl-P352 JQ607091 42 6125151 4878 
NLAE-zl-P393 JQ607157 42 6122214 4866 
NLAE-zl-P727 JQ607564 42 6125472 4883 
NLAE-zl-P732 JQ607549 42 6125940 4880 
NLAE-zl-P736 JQ607545 42 6174968 5566 
a
 NCBI ID = NCBI Accession Number 
b 
Type strain 
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Table 6. Total number of PULs, homologous and nonhomologous, for Bacteroides 
isolates compared to type strains of B. ovatus, B. thetaiotaomicron, and B. xylanisolvens. 
Name Total PULs Homologous  Non-homologous  
B. ovatus 8483
t 
112 na
a 
na 
NLAE-zl-C11 101 57 44 
NLAE-zl-C34 101 57 44 
NLAE-zl-H304 104 68 36 
NLAE-zl-H361 110 69 41 
NLAE-zl-H59 124 80 44 
NLAE-zl-H73 123 
 
80 43 
B. thetaiotaomicron VPI-5482
t 
88 na na 
NLAE-zl-C523 90 84 6 
NLAE-zl-G288 94 82 12 
NLAE-zl-H207 92 75 17 
NLAE-zl-H463 88 80 8 
NLAE-zl-H492 88 80 8 
NLAE-zl-P32 86 70 16 
NLAE-zl-P699 86 
 
70 16 
B. xylanisolvens XBA1
t 
64 na na 
NLAE-zl-C182 85 43 42 
NLAE-zl-C29 83 41 42 
NLAE-zl-C339 83 41 42 
NLAE-zl-G310 87 37 50 
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Table 6 continued 
    
NLAE-zl-G421 87 37 50 
NLAE-zl-H194 82 43 39 
NLAE-zl-P352 99 34 65 
NLAE-zl-P393 99 34 64 
NLAE-zl-P727 100 35 65 
NLAE-zl-P732 99 35 64 
NLAE-zl-P736 98 34 64 
t
 type strain 
a
 na = not applicable. 
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Table 7.  Total number of homologous genes common to the Capsular Polysaccharide 
synthesis loci of Bacteroides isolates and type strains of B. ovatus, B. thetaiotaomicron, 
and B. xylanisolvens. 
Isolate UpxY  UpxZ  XerD  
B. ovatus 8483
t
 6 0 5 
NLAE-zl-C11 4 0 3 
NLAE-zl-C34 4 0 3 
NLAE-zl-H304 5 0 4 
NLAE-zl-H361 6 0 5 
NLAE-zl-H59 4 0 3 
NLAE-zl-H73 4 0 3 
    
B. thetaiotaomicron VPI-
5482
t
 
7 5 4 
NLAE-zl-C523 7 5 4 
NLAE-zl-G288 7 5 4 
NLAE-zl-H207 8 6 5 
NLAE-zl-H463 6 5 4 
NLAE-zl-H492 6 5 4 
NLAE-zl-P32 6 5 4 
NLAE-zl-P699 6 5 4 
    
B. xylanisolvens XBA1
t
 4 0 2 
NLAE-zl-C182 5 0 4 
NLAE-zl-C29 6 0 4 
NLAE-zl-C339 5 0 4 
NLAE-zl-G310 4 0 3 
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Table 7 continued 
    
NLAE-zl-G421 4 0 3 
NLAE-zl-H194 4 0 3 
NLAE-zl-P352 7 0 4 
NLAE-zl-P393 7 0 3 
NLAE-zl-P727 6 0 3 
NLAE-zl-P732 7 0 3 
NLAE-zl-P736 7 0 4 
t
 Type strain 
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Figure legends 
Figure 1.  Isolate comparison of Neighborhood regions with Bacova_02457 best 
bidirectional hits.  UpxY gene in red and XerD in light blue.  Genes are color coded by 
COG identity. 
Figure 2.  Isolate comparison of Neighborhood regions with BT0596 best bidirectional 
hits.  UpxY gene in red.  Genes are color coded by COG identity. 
Figure 3.  Isolate comparison of Neighborhood regions with BT0462 best bidirectional 
hits.  UpxY gene in red.  Genes are color coded by COG identity. 
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Figure 1 
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Figure 1 continued 
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Figure 2 
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Figure 3 
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CHAPTER 5: GENERAL CONCLUSION 
     The purpose of this study was to compare Bacteroides species obtained from 
mammalian hosts of different diet and gastrointestinal physiology.  The intent was to 
evaluate these isolates for phylogenetic, phenotypic, and genotypic differences.  With the 
isolates originating from multiple hosts the research intended to see whether there is 
some co-evolution between the bacteria and the host. The study also was intended to look 
at where in the genome these differences may be found. 
     The gastrointestinal tracts of mammals provide a heterogenic polysaccharide habitat 
that provides niches that bacteria can evolve to fill.  The ability of these bacteria to 
degrade polysaccharides and the byproducts produced help the host in nutrition and 
health.  Isolates from the Bacteroides thetaiotaomicron-ovatus-xylanisolvens clade were 
found in fecal enrichments from mammals of differing digestive physiology, both 
ruminant and monogastric, and differing diet.  Specificity of a particular Bacteroides 
species to one host, gut physiology or diet was not seen.  The rep-PCR analysis indicated 
that the isolates’ genomes had been altered by the host environment to some degree but 
genomic differences do not appear to be in 16S rRNA or carbohydrate utilization genes.  
These Bacteroides isolates were able to utilize a wide range of the carbon substrates but 
very few of the nitrogen substrates examined.  Plant cell wall carbohydrates, recalcitrant 
to mammalian digestive enzymes, are the primary carbon substrates in the hind gut of 
both ruminants and monogastrics.  The lack of host specific carbon and nitrogen 
utilization in our Bacteroides isolates indicates conservation of functionality across hosts.  
These results indicate that host associated genomic differences are outside of 16S rRNA 
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and carbohydrate utilization genes and to suggest conservation of specific bacterial 
species with the same functionality across mammalian hosts for this Bacteroidetes clade. 
     Within this group of Bacteroides, there was a great deal of similarity in their genomes; 
however, both bacterial species and host origin differences were observed. The genomic 
similarity across the different Bacteroides species and may reflect the importance of these 
bacteria to polysaccharide utilization as well as the functional redundancy of intestinal 
microbial communities.  Surprisingly, few differences were found across isolates within 
Bacteroides species obtained from different hosts.  All isolates contained high 
concentrations of PULs and GHs with some differences that allow them to occupy a 
specific niche within a host.  Differences in the genes present downstream from core 
genes of CPS loci corresponded to host origin; likely a result of the intimate relationship 
of capsular polysaccharides and the host.  There are differences within the genomes of 
these species that allow them to find their own niche in a host, most notably in the 
polysaccharide utilization genes and glycoside hydrolases they possess.  Many more 
cultured Bacteroides from these hosts are available for study which could lead to a better 
understanding of the molecular mechanisms for polysaccharide degradation which can be 
useful in both industrial practices and human health and nutrition.  The procedures used 
in this study could be used with other bacteria found in the gastrointestinal tract and 
result in a better understanding of the function of these bacteria and their interaction with 
the host.
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APPENDIX A:  SUPPLEMENTAL MATERIAL FOR CHAPTER 3 
Supplemental Table 1 Bacteroides isolates with NCBI Accession Numbers by host origin and 
Bacteroides species.  
Host Bacteroides ovatus Bacteroides thetaiotaomicron Bacteroides Xylanisolvens 
 Isolate name Accession #a Isolate name Accession # Isolate name Accession # 
Cow NLAE-zl-C11 JQ607822 NLAE-zl-C13 JQ607748 NLAE-zl-C139 JQ607878 
 NLAE-zl-C34 JQ607816 NLAE-zl-C15 JQ607764 NLAE-zl-C178 JQ607910 
 NLAE-zl-C501 JQ608202 NLAE-zl-C425 JQ608129 NLAE-zl-C182 JQ607913 
   NLAE-zl-C484 JQ608185 NLAE-zl-C195 JQ607923 
   NLAE-zl-C504 JQ608205 NLAE-zl-C233 JQ607957 
   NLAE-zl-C516 JQ608216 NLAE-zl-C257 JQ607975 
   NLAE-zl-C523 JQ608223 NLAE-zl-C29 JQ607779 
   NLAE-zl-C557 JQ608257 NLAE-zl-C315 JQ608029 
     NLAE-zl-C339 JQ608051 
     NLAE-zl-C367 JQ608078 
Goat   NLAE-zl-G234 JX048267 NLAE-zl-G109 JX048146 
   NLAE-zl-G288 JX048308 NLAE-zl-G110 JX048541 
   NLAE-zl-G295 JX048567 NLAE-zl-G157 JX048149 
   NLAE-zl-G303 JX048570 NLAE-zl-G193 JX048593 
   NLAE-zl-G493 JX048479 NLAE-zl-G194 JX048237 
     NLAE-zl-G2 JX048075 
     NLAE-zl-G20 JX048535 
     NLAE-zl-G200 JX048277 
     NLAE-zl-G228 JX048302 
     NLAE-zl-G237 JX048284 
     NLAE-zl-G275 JX048306 
     NLAE-zl-G289 JX048315 
     NLAE-zl-G310 JX048573 
     NLAE-zl-G312 JX048309 
     NLAE-zl-G346 JX048368 
     NLAE-zl-G353 JX048344 
     NLAE-zl-G37 JX048070 
     NLAE-zl-G39 JX048086 
     NLAE-zl-G397 JX048391 
     NLAE-zl-G406 JX048400 
     NLAE-zl-G408 JX048401 
     NLAE-zl-G421 JX048413 
     NLAE-zl-G435 JX048426 
     NLAE-zl-G44 JX048116 
     NLAE-zl-G445 JX048435 
     NLAE-zl-G481 JX048468 
     NLAE-zl-G515 JX048501 
Human NLAE-zl-H163 JX006391 NLAE-zl-H207 JX006430 NLAE-zl-H194 JX006767 
 NLAE-zl-H251 JX006471 NLAE-zl-H23 JX006274 NLAE-zl-H40 JX006288 
 NLAE-zl-H255 JX006475 NLAE-zl-H334 JX006549 NLAE-zl-H465 JX006676 
 NLAE-zl-H304 JX006520 NLAE-zl-H353 JX006567   
 NLAE-zl-H307 JX006523 NLAE-zl-H373 JX006585   
 NLAE-zl-H313 JX006778 NLAE-zl-H39 JX006287   
 NLAE-zl-H361 JX006574 NLAE-zl-H409 JX006621   
 NLAE-zl-H366 JX006579 NLAE-zl-H421 JX006633   
 NLAE-zl-H422 JX006634 NLAE-zl-H463 JX006674   
 NLAE-zl-H426 JX006638 NLAE-zl-H486 JX006697   
 NLAE-zl-H541 JX006744 NLAE-zl-H492 JX006701   
 NLAE-zl-H545 JX006748 NLAE-zl-H536 JX006739   
 NLAE-zl-H59 KC107215     
 NLAE-zl-H73 KC107216     
Pig    NLAE-zl-P174 JQ606991 NLAE-zl-P218 JQ607049 
   NLAE-zl-P32 JQ606978 NLAE-zl-P225 JQ607047 
   NLAE-zl-P696 JQ607518 NLAE-zl-P295 JQ606947 
   NLAE-zl-P699 JQ607479 NLAE-zl-P349 JQ607074 
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Supplemental Table 1 continued 
       
   NLAE-zl-P737 JQ607550 NLAE-zl-P352 JQ607091 
   NLAE-zl-P745 JQ607554 NLAE-zl-P371 JQ607087 
   NLAE-zl-P750 JQ607576 NLAE-zl-P402 JQ607138 
     NLAE-zl-P718 JQ607540 
     NLAE-zl-P727 JQ607564 
     NLAE-zl-P732 JQ607549 
     NLAE-zl-P887 JQ607697 
a Accession # = Accession number for 16S rRNA sequence deposited in GenBank, NCBI. 
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Supplemental Table 2  List of phenotypic microarray substrates and the number of 
isolates by Bacteroides species that utilized the substrates of Biolog PM1. 
Carbon substrate 
B. ovatus B. thetaiotaomicron 
B. 
xylanisolvens 
 
n =  17 n = 29 n = 57 
 3 C, 14 H
a 
8 C, 5 G, 12 H, 7 P 
10 C, 26 G, 3 
H, 15 P 
L-Arabinose
b 
17
c 
31
c 
54
c 
N-Acetyl-D-glucosamine 17
c 
27
c 
50
c 
D-Saccharic acid 0 1 0 
Succinic acid 1 1 0 
D-Galactose 17
c 
32
c 
54
c 
L-Aspartic acid 2
c 
1
c 
1 
L-Proline 2 1 0 
D-Alanine 0 0 0 
D-Trehalose 10
c
 7
c
 29
c
 
D-Mannose 17
c
 32
c
 54
c
 
Dulcitol 0 0 2 
D-Serine 0 0 1 
D-Sorbitol 3 2 3 
Glycerol 0 1 2 
L-Fucose 12
c
 29
c
 50
c
 
D-Glucuronic acid 13
c
 28
c
 53
c
 
D-Gluconic acid 2
c
 0
c
 0
c
 
DL-α-Glycerol phosphate 2c 0 0 
D-Xylose
b 
17
c
 32
c
 54
c
 
L-Lactic acid 11
c
 11
c
 21
c
 
Formic acid 0 0 1 
D-Mannitol 3
c
 2 2 
L-Glutamic acid 1
c
 2 3 
D-Glucose-6-phosphate 6
c
 5
c
 18
c
 
D-Galactonic acid-γ-
lactone 0 0 3 
DL-Malic acid 0 0 2 
D-Ribose
b 
17
c
 32
c
 53
c
 
Tween 20 0 0 0 
L-Rhamnose 16
c
 32
c
 54
c
 
D-Fructose 17
c
 29
c
 54
c
 
Acetic acid 5
c
 3
c
 7
c
 
α-D-Glucose 17c 31c 54c 
Maltose 17
c
 31
c
 52
c
 
D-Melibiose 17
c
 29
c
 53
c
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Supplemental Table 2 continued 
Thymidine 15
c
 25
c
 38
c
 
L-Asparagine 1
c
 1
c
 1
c
 
D-Aspartic acid 0 0 0 
D-Glucosaminic acid 1 0 1
c
 
1,2-Propanediol 0
c
 1
c
 0
c
 
Tween 40 0
c
 0
c
 1
c
 
α-Ketoglutaric acid 2c 0c 2c 
α-Ketobutyric acid 9c 6c 17c 
α-Methyl-D-galactoside 6c 3c 9c 
α-D-Lactose 17c 28c 52c 
Lactulose 17
c
 26
c
 50
c
 
Sucrose 17
c
 30
c
 52
c
 
Uridine 17
c
 23
c
 46
c
 
L-Glutamine 1
c
 2 2
c
 
m-Tartaric acid 0 0 1 
D-Glucose-1-phosphate 7
c
 2
c
 9
c
 
D-Fructose-6-phosphate 17
c
 29
 c
 52
c
 
Tween 80 0 0 1 
α-Hydroxyglutaric acid-γ-
lactone 1
c
 1
c
 1 
α-Hydroxybutyric acid 10c 6c 15c 
β-Methyl-D-glucoside 2 1c 6 
Adonitol 3
c
 3
c
 8 
Maltotriose 17
c
 32
c
 52
c
 
2`-Deoxyadenosine 7
c
 10
c
 15
c
 
Adenosine 16
c
 18
c
 37
c
 
Gly-Asp 12
c
 12
c
 15
c
 
Citric acid 1
c
 0 2 
m-Inositol 1
c
 0 2 
D-Threonine 0 0 1 
Fumaric acid 0
c
 1
c
 2
c
 
Bromosuccinic acid 0 0 2 
Propionic acid 4
c
 1
c
 2
c
 
Mucic acid 2
c
 0
c
 2 
Glycolic acid 0 0 2 
Glyoxylic acid 0 0 1 
D-Cellobiose 11
c
 10
c
 40
c
 
Inosine 1 4 4
c
 
Gly-Glu 3
c
 6
c
 10
c
 
Tricarballylic acid 0 1 2 
L-Serine 1
c
 1 1
c
 
L-Threonine 3
c
 1 2
c
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Supplemental Table 2 continued 
L-Alanine 1
c
 0
c
 1 
Ala-Gly 0 1
c
 1 
Acetoacetic acid 2
c
 1
c
 4
c
 
N-Acetyl-D-mannosamine 13
c
 27
c
 49
c
 
Mono-methylsuccinate 2
c
 1 2 
Methylpyruvate 13
c
 11
c
 32
c
 
D-Malic acid 1 0 1 
L-Malic acid 1
c
 0
c
 2
c
 
Gly-Pro 2 2
c
 2 
p-Hydroxyphenyl acetic 
acid 0
c
 0 1 
m-Hydroxyphenyl acetic 
acid 1
c
 1 1 
Tyramine 0
c
 0
c
 2 
D-Psicose 17
c
 32
c
 54
c
 
L-Lyxose
b 
17
c
 32
c
 54
c
 
Glucuronamide 17
c
 31
c
 54
c
 
Pyruvic acid 16
c
 22
c
 48
c
 
L-Galactonic acid-γ-
lactone 0 0 2 
D-Galacturonic acid 11
c
 26
c
 48
c
 
Phenylethylamine 0
c
 0
c
 3 
2-Aminoethanol 1 0 2 
 
   aC = cow, G = goat, H = human and P = pig. 
b
Abiotic reaction. 
c
Type strain of the Bacteroides species used substrate. 
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Supplemental Table 3  List of phenotypic microarray substrates and the number of 
isolates by Bacteroides species that utilized the substrates of Biolog PM2A. 
 
Carbon substrate B. ovatus B. thetaiotaomicron 
B. 
xylanisolvens 
 
n =  17 n = 29 n = 57 
 
3 C, 14 H
a 
8 C, 5 G, 12 H, 7 P 
10 C, 26 G, 3 
H, 15 P 
Chondroitin sulfate C 9
c 
26
c
 35
c
 
α-Cyclodextrin 9c 21c 26c 
β-Cyclodextrin 10c 28c 37c 
γ-Cyclodextrin 10c 26c 43c 
Dextrin 12
c
 27
c
 48
c
 
Gelatin 5
c
 6
c
 10
c
 
Glycogen 10
c
 22
c
 36
c
 
Inulin 8
c
 3
c
 15
c
 
Laminarin 6
c
 5
c
 16
c
 
Mannan 7
c
 15
c
 32
c
 
Pectin 13
c
 24
c
 47
c
 
N-Acetyl-D-galactosamine 17
c
 30
c
 50
c
 
N-Acetyl-neuraminic acid 0
c
 0 1
c
 
β-D-Allose 17c 32c 54c 
Amygdalin 9
c
 5
c
 37
c
 
D-Arabinose
b 
17
c
 32
c
 54
c
 
D-Arabitol 2
c
 0 1 
L-Arabitol 0 0 0 
Arbutin 0
c
 3
c
 3
c
 
2-Deoxy-D-ribose
b 
17
c
 32
c
 54
c
 
i-Erythritol 0 0 3 
D-Fucose 3
c
 11
c
 21
c
 
3-O-β-D-Galactopyranosyl-D-
arabinose 17
c
 29
c
 51
c
 
Gentiobiose 14
c
 25
c
 52
c
 
L-Glucose 4
c
 10
c
 15
c
 
D-Lactitol 8
c
 4
c
 28
c
 
D-Melezitose 2
c
 2
c
 11
c
 
Maltitol 6
c
 4
c
 28
c
 
α-Methyl-D-glucoside 2c 1c 4c 
β-Methyl-D-galactoside 17c 18c 44c 
3-Methylglucose 17
c
 32
c
 54
c
 
β-Methyl-D-glucuronic acid 0c 6c 5c 
α-Methyl-D-mannoside 4c 13c 19c 
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Supplemental Table 3 continued 
β-Methyl-D-xyloside 5c 14c 18c 
Palatinose
b 
17
c
 32
c
 53
c
 
D-Raffinose 13
c
 20
c
 41
c
 
Salicin 2 1 10 
Sedoheptulosan 1
c
 2
c
 1 
L-Sorbose 11
c
 23
c
 45
c
 
Stachyose 9
c
 9
c
 9
c
 
D-Tagatose
b 
17
c
 32
c
 54
c
 
Turanose 11
c
 25
c
 46
c
 
Xylitol 0 1 2 
N-Acetyl-D-glucosaminitol 0
c
 4 4 
γ-Amino-N-butyric acid 0 4 3 
d-Amino valeric acid 2 8
c
 7 
Butyric acid 2
c
 8
c
 5 
Capric acid 0 0 0 
Caproic acid 0 0 1 
Citraconic acid 0 0 0 
Citramalic acid 0 0 1 
D-Glucosamine
b 
17
c
 32
c
 53
c
 
2-Hydroxybenzoic acid
b 
0 1 1 
4-Hydroxybenzoic acid 0 1 2 
β-Hydroxybutyric acid 1 8 7 
γ-Hydroxybutyric acid 2 11c 17 
α-Keto-valeric acid 5c 18c 27c 
Itaconic acid 5 18
c
 27
c
 
5-Keto-D-gluconic acid
b 
17
c
 32
c
 54
c
 
D-Lactic acid methyl ester 1 1 2
c
 
Malonic acid 0 0 1 
Melibionic acid 3
c
 3
c
 9
c
 
Oxalic acid 0 0 0 
Oxalomalic acid 2
c
 3
c
 3
c
 
Quinic acid 0
c
 0 1 
D-Ribono-1,4-lactone 0 0 2 
Sebacic acid 0 0 1 
Sorbic acid
b 
15
c
 15
c
 25
c
 
Succinamic acid 0 2 2 
D-Tartaric acid 1 1 1 
L-Tartaric acid 0 1 1 
Acetamide 0 0 2 
L-Alaninamide 0 0 2 
N-Acetyl-L-glutamic acid 0
c
 0 0 
L-Arginine 0
c
 0 2 
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Supplemental Table 3 continued 
Glycine 0 0 0 
L-Histidine 0 0 0 
L-Homoserine 1 0 1 
Hydroxy-L-proline 0
c
 1 2 
L-Isoleucine 1
c
 1
c
 4 
L-Leucine 1
c
 3
c
 7 
L-Lysine 0
c
 3 3 
L-Methionine 1
c
 2 3 
L-Ornithine 0
c
 1 2
c
 
L-Phenylalanine 0
c
 2
c
 2 
L-Pyroglutamic acid 0
c
 0 1 
L-Valine 0
c
 1
c
 1
c
 
D,L-Carnitine 0
c
 0 2 
sec-Butylamine 0 0 2 
D,L-Octopamine 0
c
 2
c
 2 
Putrescine 1 0 1 
Dihydroxyacetone
b 
17 32
c
 53
c
 
2,3-Butanediol 0
c
 1 1 
2,3-Butanedione 0 0 0 
3-Hydroxy-2-butanone 0 1 1 
a
C = cow, G = goat, H = human and P = pig. 
b
Abiotic reaction. 
 c
Type strain of the Bacteroides species used substrate. 
 
  
95 
 
 
 
Supplemental Table 4  List of phenotypic microarray substrates and the number of 
isolates by Bacteroides species that utilized the substrates of Biolog PM3B. 
Nitrogen substrate 
B. ovatus B. thetaiotaomicron 
B. 
xylanisolvens 
 
n =  17 n = 32 n = 54 
 3 C, 14 H
a 
8 C, 5 G, 12 H, 7 P 
10 C, 26 G, 3 
H, 15 P 
Ammonia 0 0 3 
Nitrite 0 0 2 
Nitrate 0 0 0 
Urea 0 0 0 
Biuret 0 1 1 
L-Alanine 0 0 1 
L-Arginine 0 0 0 
L-Asparagine 0 0 0 
L-Aspartic acid 0 0            1 
L-Cysteine 0 1 1 
L-Glutamic acid 0 0 0 
L-Glutamine 0 0 1 
Glycine 0 1 0 
L-Histidine 0 0 0 
L-Isoleucine 0 0 0 
L-Leucine 0 3 1 
L-Lysine 0 1 1 
L-Methionine 0 1 0 
L-Phenylalanine 0 0            1 
L-Proline 0 1 0 
L-Serine 1 2 1 
L-Threonine 0
b 
2 6 
L-Tryptophan 0
b
 1 2 
L-Tyrosine 0 1 1 
L-Valine 0 0 0 
D-Alanine 0 1 0 
D-Asparagine 0 1 1 
D-Aspartic acid 0 0 0 
D-Glutamic acid 0 2 2 
D-Lysine 0 1 2 
D-Serine 0 6 4 
D-Valine 1
b
 5
b
 5 
L-Citrulline 2
b
 7
b
 13 
L-Homoserine 4
b
 10
b
 13 
L-Ornithine 4
b
 10
b
 15 
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Supplemental Table 4 continued 
N-Acetyl-L-glutamic acid 0 0 2 
N-Phthaloyl-L-glutamic acid 0 0 1 
L-Pyroglutamic acid 0 0 0 
Hydroxylamine 0 0 0 
Methylamine 0 1 0 
N-Amylamine 0 1 0 
N-Butylamine 0 1 3 
Ethylamine 0
b
 2 1 
Ethanolamine 0
b
 4 5 
Ethylenediamine 2
b
 5 5 
Putrescine 1
b
 7 7 
Agmatine 1
b
 5
b
 5 
Histamine 0 0 1 
b-Phenylethylamine 0 0 1 
Tyramine 0 0 1 
Acetamide 0 0 2 
Formamide 0 2 4 
Glucuronamide 2 3 4 
DL-Lactamide 3
b
 9
b
 9 
D-Glucosamine 1
b
 9 15 
D-Galactosamine 5
b
 13
b
 16 
D-Mannosamine 6
b
 16
b
 28 
N-Acetyl-D-glucosamine 5
b
 18
b
 25
b
 
N-Acetyl-D-galactosamine 5
b
 16
b
 26
b
 
N-Acetyl-D-mannosamine 0 1 1 
Adenine 0 1 0 
Adenosine 0 0 1 
Cytidine 0 0 0 
Cytosine 0 0 0 
Guanine 17 31 50 
Guanosine 0 0 0 
Thymine 0 0 1 
Thymidine 0 3 1 
Uracil 0
b
 1 1 
Uridine 0
b
 1 2 
Inosine 0
b
 1 1 
Xanthine 17
b
 32
b
 53
b
 
Xanthosine 0 0 2 
Uric acid 2
b
 4
b
 6
b
 
Alloxan 0 0 1 
Allantoin 1 0 0 
Parabanic acid 1 0 1 
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Supplemental Table 4 continued 
DL-α-Amino-N-butyric acid 1 1 0 
γ-Amino-N-butyric acid 0 0 1 
ε-Amino-N-caproic acid 1 1 1 
DL-α-Amino-caprylic acid 3b 5b 13 
d-Amino-N-valeric acid 0
b
 2 1 
α-Amino-N-valeric acid 0b 3 1 
Ala-Asp 0 0 1 
Ala-Gln 0 0 0 
Ala-Glu 0 0 0 
Ala-Gly 0 0 1 
Ala-His 0 0 3 
Ala-Leu 0 0 2 
Ala-Thr 0 0 2 
Gly-Asn 0 1 2 
Gly-Gln 0 0 1 
Gly-Glu 0 0 3 
Gly-Met 0 0 1 
Met-Ala 0 0 0 
a
C = cow, G = goat, H = human and P = pig. 
b
Type strain of the Bacteroides species used substrate
  
98 
A
P
P
E
N
D
IX
 B
: 
 S
U
P
P
L
E
M
E
N
T
A
L
 M
A
T
E
R
IA
L
 F
O
R
 C
H
A
P
T
E
R
 4
 
 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
  
A
b
u
n
d
a
n
ce
 o
f 
a
m
in
o
 a
c
id
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 o
va
tu
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
A
T
C
C
 8
4
8
3
 
N
L
A
E
-z
l-
 C
1
1
 
N
L
A
E
-z
l-
 C
3
4
 
N
L
A
E
-z
l-
 H
3
0
4
 
N
L
A
E
-z
l-
 H
3
6
1
 
N
L
A
E
-z
l-
 H
5
9
 
N
L
A
E
-z
l-
 H
7
3
 
C
O
G
2
7
5
5
 
1
1
 
1
3
 
1
3
 
1
0
 
1
1
 
1
6
 
1
6
 
C
O
G
0
4
3
6
 
7
 
7
 
7
 
8
 
7
 
7
 
7
 
C
O
G
1
5
0
6
 
7
 
8
 
8
 
8
 
8
 
9
 
9
 
C
O
G
0
5
9
1
 
3
 
4
 
4
 
5
 
5
 
5
 
5
 
C
O
G
0
5
2
7
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
2
1
9
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
2
5
2
 
3
 
3
 
3
 
4
 
3
 
3
 
3
 
C
O
G
1
4
1
0
 
3
 
2
 
2
 
3
 
3
 
3
 
3
 
C
O
G
0
0
0
6
 
3
 
3
 
3
 
5
 
3
 
3
 
3
 
C
O
G
3
1
0
4
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
3
4
6
 
3
 
2
 
2
 
3
 
3
 
3
 
3
 
C
O
G
0
3
2
9
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
3
5
7
9
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
1
1
5
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
8
7
3
 
3
 
3
 
3
 
2
 
2
 
3
 
3
 
C
O
G
0
0
1
9
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
0
2
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
6
2
4
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
1
4
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
1
6
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
5
8
 
2
 
2
 
2
 
7
 
2
 
2
 
2
 
C
O
G
0
0
3
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
3
4
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
1
1
9
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
4
9
3
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
1
0
6
3
 
2
 
1
 
1
 
4
 
3
 
3
 
3
 
C
O
G
0
3
3
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
2
4
1
 
2
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
3
4
5
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
1
7
5
 
2
 
1
 
1
 
1
 
1
 
3
 
3
 
  
99 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 1
 c
o
n
ti
n
u
ed
 
C
O
G
0
0
7
9
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
2
9
5
7
 
2
 
2
 
2
 
1
 
2
 
1
 
1
 
C
O
G
2
9
8
6
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
1
1
6
7
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
1
3
8
7
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
6
9
7
 
1
 
2
 
2
 
1
 
2
 
2
 
2
 
C
O
G
0
1
1
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
3
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
5
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
6
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
2
1
1
3
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
1
1
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
4
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
7
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
2
5
0
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
1
0
2
7
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
1
3
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
6
0
5
 
1
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
0
0
8
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
  
100 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 1
 c
o
n
ti
n
u
ed
 
C
O
G
0
2
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
4
6
9
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
4
3
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
0
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
6
6
 
1
 
1
 
1
 
3
 
1
 
1
 
1
 
C
O
G
0
1
1
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
4
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
5
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
1
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
1
4
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
0
9
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
3
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
1
5
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
3
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
6
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
6
0
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
0
0
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
  
101 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 1
 c
o
n
ti
n
u
ed
 
C
O
G
1
2
8
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
0
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
0
5
 
1
 
2
 
2
 
1
 
2
 
2
 
2
 
C
O
G
0
1
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
7
 
1
 
1
 
1
 
3
 
1
 
1
 
1
 
C
O
G
1
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
0
 
1
 
0
 
0
 
3
 
3
 
3
 
3
 
C
O
G
1
0
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
3
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
6
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
4
6
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
2
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
6
1
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
1
2
4
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
6
5
 
0
 
1
 
1
 
0
 
0
 
1
 
1
 
C
O
G
2
0
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
1
3
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
C
O
G
4
5
9
8
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
1
8
1
2
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
2
2
3
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
2
6
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
0
0
6
7
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
0
0
7
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
9
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
4
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
  
102 
C
O
G
3
9
3
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
8
5
6
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
2
1
7
1
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
2
3
1
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
5
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
 
 
 
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
103 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 2
  
A
b
u
n
d
a
n
ce
 o
f 
a
m
in
o
 a
ci
d
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 t
h
et
a
io
ta
o
m
ic
ro
n
 t
y
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
V
P
I-
 
5
4
8
2
 
N
L
A
E
-z
l-
 C
5
2
3
 
N
L
A
E
-z
l-
 G
2
8
8
 
N
L
A
E
-z
l-
 H
2
0
7
 
N
L
A
E
-z
l-
 H
4
6
3
 
N
L
A
E
-z
l-
 H
4
9
2
 
N
L
A
E
-z
l-
 P
3
2
 
N
L
A
E
-z
l-
 
P
6
9
9
 
C
O
G
2
7
5
5
 
1
2
 
1
5
 
1
7
 
1
4
 
1
5
 
1
5
 
1
5
 
1
5
 
C
O
G
0
4
3
6
 
8
 
8
 
8
 
8
 
8
 
8
 
9
 
9
 
C
O
G
1
5
0
6
 
5
 
6
 
6
 
6
 
6
 
6
 
6
 
6
 
C
O
G
0
5
9
1
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
C
O
G
0
5
2
7
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
2
1
9
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
2
5
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
1
4
1
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
0
0
6
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
1
0
4
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
3
4
6
 
3
 
2
 
2
 
2
 
2
 
2
 
3
 
3
 
C
O
G
0
3
2
9
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
3
5
7
9
 
2
 
2
 
2
 
2
 
2
 
3
 
2
 
2
 
C
O
G
0
1
1
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
8
7
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
0
1
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
5
 
5
 
3
 
6
 
4
 
4
 
4
 
1
 
1
 
C
O
G
0
0
2
8
 
4
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
6
2
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
1
4
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
1
6
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
5
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
0
3
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
3
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
1
1
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
9
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
6
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
3
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
2
4
1
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
4
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
1
7
5
 
1
 
1
 
1
 
1
 
3
 
3
 
2
 
2
 
C
O
G
0
0
7
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
104 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 2
 c
o
n
ti
n
u
ed
 
C
O
G
1
1
6
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
3
8
7
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
6
9
7
 
3
 
4
 
4
 
3
 
4
 
4
 
3
 
3
 
C
O
G
0
1
1
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
3
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
4
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
3
1
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
5
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
5
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
2
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
6
0
5
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
0
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
105 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 2
 c
o
n
ti
n
u
ed
 
C
O
G
4
6
9
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
4
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
1
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
6
2
 
1
 
3
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
8
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
106 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 2
 c
o
n
ti
n
u
ed
 
C
O
G
0
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
0
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
0
5
 
1
 
2
 
2
 
2
 
1
 
1
 
2
 
2
 
C
O
G
0
1
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
7
 
1
 
1
 
1
 
1
 
1
 
2
 
1
 
1
 
C
O
G
1
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
0
 
1
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
1
0
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
3
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
6
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
4
6
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
2
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
6
1
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
2
4
6
 
0
 
1
 
1
 
3
 
1
 
1
 
3
 
3
 
C
O
G
1
5
0
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
4
0
 
1
 
1
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
4
4
1
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
5
9
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
8
1
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
3
5
 
0
 
1
 
1
 
1
 
0
 
0
 
1
 
1
 
C
O
G
0
6
2
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
0
6
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
0
7
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
9
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
4
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
4
0
 
0
 
1
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
3
9
3
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
8
5
6
 
0
 
1
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
2
1
7
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
107 
C
O
G
2
3
1
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
5
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
 
108 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 3
  
A
b
u
n
d
a
n
ce
 o
f 
a
m
in
o
 a
ci
d
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 x
yl
a
n
is
o
lv
en
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
X
B
A
1
 
N
L
A
E
-z
l-
 
C
1
8
2
 
N
L
A
E
-z
l-
 
C
2
9
 
N
L
A
E
-z
l-
 
C
3
3
9
 
N
L
A
E
-z
l-
 
G
3
1
0
 
N
L
A
E
-z
l-
 
G
4
2
1
 
N
L
A
E
-z
l-
 
H
1
9
4
 
N
L
A
E
-z
l-
 
P
3
5
2
 
N
L
A
E
-z
l-
 
P
3
9
3
 
N
L
A
E
-z
l-
 
P
7
2
7
 
N
L
A
E
-z
l-
 
P
7
3
2
 
N
L
A
E
-z
l-
 P
7
3
6
 
C
O
G
2
7
5
5
 
1
0
 
1
2
 
1
2
 
1
2
 
1
1
 
1
1
 
1
4
 
1
3
 
1
3
 
1
3
 
1
3
 
1
3
 
C
O
G
0
4
3
6
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
C
O
G
1
5
0
6
 
7
 
7
 
6
 
7
 
8
 
8
 
6
 
8
 
8
 
8
 
8
 
8
 
C
O
G
0
5
9
1
 
4
 
4
 
4
 
4
 
3
 
3
 
4
 
5
 
5
 
5
 
5
 
6
 
C
O
G
0
5
2
7
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
2
1
9
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
2
5
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
1
4
1
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
4
 
C
O
G
0
0
0
6
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
1
0
4
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
4
 
C
O
G
0
3
4
6
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
2
9
 
3
 
3
 
2
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
3
5
7
9
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
4
 
C
O
G
0
1
1
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
2
8
7
3
 
2
 
2
 
3
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
0
1
9
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
5
 
2
 
2
 
3
 
2
 
1
 
1
 
1
 
4
 
4
 
4
 
4
 
4
 
C
O
G
0
0
2
8
 
2
 
2
 
3
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
4
 
C
O
G
0
6
2
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
1
4
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
1
6
8
 
2
 
2
 
3
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
5
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
4
 
C
O
G
0
0
3
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
5
 
C
O
G
0
3
3
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
0
1
1
9
 
2
 
3
 
3
 
3
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
4
 
C
O
G
0
4
9
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
6
3
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
3
3
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
0
2
4
1
 
1
 
1
 
1
 
1
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
3
4
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
5
 
3
 
2
 
2
 
2
 
1
 
1
 
1
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
0
7
9
 
2
 
3
 
2
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
2
9
5
7
 
2
 
1
 
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
 
 
 
 
109 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 3
 c
o
n
ti
n
u
ed
 
C
O
G
1
1
6
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
1
3
8
7
 
3
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
6
9
7
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
1
1
1
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
3
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
4
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
5
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
3
 
C
O
G
2
5
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
2
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
1
3
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
1
6
0
5
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
0
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
 
 
 
110 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 3
 c
o
n
ti
n
u
ed
 
C
O
G
4
6
9
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
4
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
2
0
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
1
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
1
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
4
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
4
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
6
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
0
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
8
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
1
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
111 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 3
 c
o
n
ti
n
u
ed
 
C
O
G
0
7
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
2
0
0
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
4
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
5
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
3
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
7
6
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
4
8
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
1
0
 
0
 
0
 
1
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
0
0
3
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
0
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
0
4
6
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
0
7
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
4
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
0
5
2
0
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
7
5
 
0
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
6
1
0
 
1
 
1
 
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
4
6
 
1
 
2
 
3
 
2
 
2
 
2
 
3
 
1
 
1
 
1
 
1
 
0
 
C
O
G
1
5
0
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
6
5
 
1
 
0
 
1
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
1
3
 
1
 
1
 
1
 
1
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
5
9
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
8
1
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
3
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
2
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
0
6
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
0
0
7
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
2
9
0
2
 
0
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
1
4
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
3
3
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
9
3
1
 
0
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
8
5
6
 
0
 
2
 
1
 
2
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
1
7
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
112 
C
O
G
2
3
1
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
3
5
5
 
0
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
113 
 S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 4
  
A
b
u
n
d
a
n
ce
 o
f 
ca
rb
o
h
y
d
ra
te
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 o
va
tu
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
A
T
C
C
 8
4
8
3
 
N
L
A
E
-z
l-
 C
1
1
 
N
L
A
E
-z
l-
 C
3
4
 
N
L
A
E
-z
l-
 H
3
0
4
 
N
L
A
E
-z
l-
 H
3
6
1
 
N
L
A
E
-z
l-
 H
5
9
 
N
L
A
E
-z
l-
 H
7
3
 
C
O
G
3
2
5
0
 
3
7
 
3
1
 
3
1
 
2
9
 
2
7
 
3
2
 
3
2
 
C
O
G
3
5
0
7
 
2
6
 
2
8
 
2
8
 
2
0
 
2
0
 
2
6
 
2
6
 
C
O
G
1
4
7
2
 
2
1
 
2
4
 
2
4
 
1
9
 
1
8
 
2
3
 
2
2
 
C
O
G
3
5
3
7
 
1
9
 
1
6
 
1
6
 
2
1
 
1
7
 
2
0
 
2
0
 
C
O
G
3
5
2
5
 
1
3
 
1
4
 
1
4
 
1
4
 
1
1
 
1
1
 
1
1
 
C
O
G
2
8
1
4
 
1
1
 
9
 
9
 
1
2
 
1
2
 
1
5
 
1
5
 
C
O
G
1
5
0
1
 
1
1
 
6
 
6
 
7
 
7
 
9
 
9
 
C
O
G
0
7
3
8
 
1
0
 
8
 
8
 
9
 
9
 
8
 
8
 
C
O
G
0
4
5
1
 
9
 
5
 
5
 
1
9
 
1
5
 
1
1
 
1
1
 
C
O
G
4
6
3
2
 
8
 
2
 
2
 
5
 
5
 
7
 
7
 
C
O
G
3
6
6
9
 
7
 
3
 
3
 
6
 
4
 
5
 
5
 
C
O
G
2
1
5
2
 
7
 
6
 
6
 
7
 
7
 
7
 
7
 
C
O
G
4
8
3
3
 
6
 
6
 
6
 
7
 
7
 
7
 
7
 
C
O
G
3
3
4
5
 
6
 
4
 
4
 
8
 
8
 
6
 
6
 
C
O
G
0
5
2
4
 
6
 
6
 
6
 
9
 
7
 
7
 
7
 
C
O
G
4
6
7
7
 
6
 
5
 
5
 
4
 
4
 
6
 
6
 
C
O
G
0
7
2
6
 
5
 
2
 
2
 
4
 
4
 
4
 
4
 
C
O
G
3
6
9
3
 
5
 
2
 
2
 
4
 
4
 
3
 
3
 
C
O
G
2
0
1
7
 
4
 
4
 
4
 
4
 
4
 
5
 
5
 
C
O
G
1
0
7
0
 
4
 
5
 
5
 
6
 
4
 
5
 
5
 
C
O
G
1
9
4
0
 
4
 
4
 
4
 
5
 
5
 
4
 
4
 
C
O
G
0
3
6
3
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
3
5
3
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
2
2
7
1
 
4
 
5
 
5
 
6
 
6
 
3
 
3
 
C
O
G
2
9
4
2
 
4
 
1
 
1
 
4
 
3
 
3
 
3
 
C
O
G
3
5
9
4
 
4
 
3
 
3
 
6
 
5
 
6
 
6
 
C
O
G
2
2
1
1
 
4
 
4
 
4
 
2
 
2
 
5
 
5
 
C
O
G
0
2
0
5
 
3
 
3
 
3
 
6
 
5
 
5
 
5
 
C
O
G
1
0
8
2
 
3
 
2
 
2
 
3
 
3
 
3
 
3
 
C
O
G
1
8
7
4
 
3
 
6
 
6
 
7
 
6
 
8
 
8
 
C
O
G
3
4
0
8
 
3
 
8
 
8
 
8
 
8
 
6
 
6
 
C
O
G
0
2
3
5
 
3
 
3
 
3
 
4
 
3
 
3
 
3
 
C
O
G
1
8
2
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
 
 
 
 
114 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 4
 c
o
n
ti
n
u
ed
 
C
O
G
3
8
6
6
 
3
 
5
 
5
 
4
 
4
 
5
 
5
 
C
O
G
2
7
3
1
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
C
O
G
4
4
0
9
 
3
 
5
 
5
 
1
 
1
 
3
 
3
 
C
O
G
2
7
3
0
 
3
 
4
 
4
 
0
 
0
 
5
 
5
 
C
O
G
4
1
2
4
 
3
 
0
 
0
 
2
 
2
 
2
 
2
 
C
O
G
1
6
2
1
 
2
 
4
 
4
 
3
 
3
 
6
 
6
 
C
O
G
0
3
6
6
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
2
7
3
 
2
 
8
 
8
 
2
 
2
 
3
 
3
 
C
O
G
0
5
3
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
5
7
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
1
0
9
 
2
 
2
 
2
 
4
 
2
 
2
 
2
 
C
O
G
1
4
8
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
4
0
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
3
7
1
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
3
1
2
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
2
9
5
6
 
2
 
5
 
5
 
4
 
5
 
4
 
4
 
C
O
G
1
5
5
4
 
2
 
3
 
3
 
4
 
4
 
4
 
4
 
C
O
G
0
2
4
6
 
2
 
1
 
1
 
3
 
2
 
2
 
2
 
C
O
G
0
2
9
6
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
5
8
0
 
2
 
0
 
0
 
1
 
1
 
2
 
2
 
C
O
G
1
8
7
9
 
2
 
2
 
2
 
3
 
2
 
1
 
1
 
C
O
G
3
6
6
1
 
2
 
2
 
2
 
2
 
2
 
1
 
1
 
C
O
G
4
6
9
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
7
 
1
 
2
 
2
 
1
 
2
 
2
 
2
 
C
O
G
1
0
8
6
 
1
 
1
 
1
 
2
 
2
 
6
 
6
 
C
O
G
3
3
2
5
 
1
 
2
 
2
 
4
 
4
 
2
 
2
 
C
O
G
0
0
5
8
 
1
 
1
 
1
 
4
 
4
 
3
 
3
 
C
O
G
0
3
8
3
 
1
 
0
 
0
 
1
 
1
 
1
 
1
 
C
O
G
0
5
8
8
 
1
 
1
 
1
 
3
 
3
 
3
 
3
 
C
O
G
1
5
2
3
 
1
 
1
 
1
 
2
 
1
 
2
 
2
 
C
O
G
1
8
0
3
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
C
O
G
1
8
3
0
 
1
 
1
 
1
 
3
 
3
 
3
 
3
 
C
O
G
2
1
6
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
2
7
0
6
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
0
3
6
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
0
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
115 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 4
 c
o
n
ti
n
u
ed
 
C
O
G
0
0
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
1
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
9
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
7
9
 
1
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
0
2
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
8
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
8
0
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
4
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
6
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
1
9
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
1
9
0
4
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
1
9
2
9
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
2
1
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
3
5
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
3
7
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
8
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
0
2
6
 
1
 
0
 
0
 
1
 
1
 
1
 
1
 
C
O
G
0
0
2
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
7
2
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
3
8
6
 
1
 
2
 
2
 
0
 
0
 
2
 
2
 
C
O
G
3
8
5
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
6
7
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
2
6
1
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
 
 
 
 
116 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 4
 c
o
n
ti
n
u
ed
 
C
O
G
0
3
8
0
 
1
 
2
 
2
 
2
 
1
 
1
 
1
 
C
O
G
0
4
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
7
7
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
0
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
8
7
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
4
4
2
1
 
1
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
2
5
1
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
3
5
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
5
0
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
1
3
4
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
1
3
4
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
3
6
3
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
C
O
G
1
6
2
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
6
3
8
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
1
6
5
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
6
8
2
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
3
4
5
9
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
3
8
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
9
3
4
 
0
 
0
 
0
 
1
 
1
 
3
 
3
 
C
O
G
3
9
5
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
9
5
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
6
4
 
0
 
1
 
1
 
0
 
0
 
1
 
1
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
117 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 5
  
A
b
u
n
d
a
n
ce
 o
f 
ca
rb
o
h
y
d
ra
te
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 t
h
et
a
io
ta
o
m
ic
ro
n
 t
y
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
V
P
I-
 5
4
8
2
 
N
L
A
E
-z
l-
 C
5
2
3
 
N
L
A
E
-z
l-
 G
2
8
8
 
N
L
A
E
-z
l-
 H
2
0
7
 
N
L
A
E
-z
l-
 H
4
6
3
 
N
L
A
E
-z
l-
 H
4
9
2
 
N
L
A
E
-z
l-
 P
3
2
 
N
L
A
E
-z
l-
 P
6
9
9
 
C
O
G
3
2
5
0
 
3
2
 
3
1
 
3
1
 
3
3
 
3
0
 
3
0
 
3
1
 
3
1
 
C
O
G
3
5
0
7
 
2
1
 
2
5
 
2
5
 
2
5
 
2
3
 
2
3
 
2
5
 
2
5
 
C
O
G
1
4
7
2
 
1
0
 
9
 
1
0
 
1
1
 
1
0
 
1
0
 
1
1
 
1
1
 
C
O
G
3
5
3
7
 
2
3
 
2
4
 
2
2
 
2
1
 
2
2
 
2
2
 
2
1
 
2
1
 
C
O
G
3
5
2
5
 
1
4
 
1
4
 
1
6
 
1
3
 
1
4
 
1
4
 
1
3
 
1
3
 
C
O
G
2
8
1
4
 
1
1
 
1
3
 
1
1
 
1
0
 
1
0
 
1
0
 
1
0
 
1
0
 
C
O
G
1
5
0
1
 
6
 
6
 
6
 
9
 
6
 
6
 
7
 
7
 
C
O
G
0
7
3
8
 
9
 
9
 
9
 
9
 
9
 
9
 
9
 
9
 
C
O
G
0
4
5
1
 
1
3
 
1
1
 
1
2
 
1
6
 
1
0
 
9
 
9
 
8
 
C
O
G
4
6
3
2
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
6
6
9
 
9
 
8
 
8
 
9
 
8
 
8
 
8
 
8
 
C
O
G
2
1
5
2
 
4
 
4
 
5
 
4
 
5
 
5
 
5
 
5
 
C
O
G
4
8
3
3
 
9
 
8
 
6
 
7
 
7
 
7
 
8
 
8
 
C
O
G
3
3
4
5
 
7
 
8
 
8
 
8
 
8
 
8
 
6
 
6
 
C
O
G
0
5
2
4
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
C
O
G
4
6
7
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
2
6
 
4
 
4
 
3
 
5
 
4
 
4
 
5
 
5
 
C
O
G
3
6
9
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
0
1
7
 
6
 
7
 
6
 
6
 
6
 
6
 
6
 
6
 
C
O
G
1
0
7
0
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
C
O
G
1
9
4
0
 
5
 
5
 
5
 
5
 
5
 
5
 
4
 
4
 
C
O
G
0
3
6
3
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
3
5
3
4
 
4
 
4
 
4
 
3
 
4
 
4
 
3
 
3
 
C
O
G
2
2
7
1
 
3
 
4
 
5
 
4
 
4
 
4
 
4
 
4
 
C
O
G
2
9
4
2
 
3
 
9
 
9
 
7
 
7
 
7
 
8
 
7
 
C
O
G
3
5
9
4
 
1
 
2
 
2
 
4
 
2
 
2
 
1
 
1
 
C
O
G
2
2
1
1
 
0
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
0
2
0
5
 
4
 
3
 
3
 
3
 
4
 
4
 
3
 
3
 
C
O
G
1
0
8
2
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
1
8
7
4
 
4
 
5
 
6
 
5
 
5
 
5
 
4
 
4
 
C
O
G
3
4
0
8
 
3
 
5
 
5
 
6
 
5
 
5
 
6
 
6
 
C
O
G
0
2
3
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
1
8
2
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
8
6
6
 
2
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
2
7
3
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
118 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 5
 c
o
n
ti
n
u
ed
 
C
O
G
4
4
0
9
 
1
 
2
 
3
 
2
 
1
 
1
 
1
 
1
 
C
O
G
2
7
3
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
4
1
2
4
 
0
 
0
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
1
6
2
1
 
4
 
5
 
5
 
4
 
5
 
5
 
4
 
4
 
C
O
G
0
3
6
6
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
2
2
7
3
 
3
 
3
 
5
 
4
 
3
 
3
 
4
 
4
 
C
O
G
0
5
3
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
5
7
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
1
0
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
4
8
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
4
0
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
3
7
1
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
3
1
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
9
5
6
 
1
 
3
 
3
 
1
 
2
 
2
 
2
 
2
 
C
O
G
1
5
5
4
 
1
 
2
 
2
 
1
 
2
 
2
 
1
 
1
 
C
O
G
0
2
4
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
8
0
 
1
 
2
 
2
 
2
 
1
 
1
 
2
 
2
 
C
O
G
1
8
7
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
6
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
6
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
7
 
3
 
4
 
4
 
3
 
4
 
4
 
3
 
3
 
C
O
G
1
0
8
6
 
3
 
4
 
5
 
8
 
4
 
6
 
6
 
7
 
C
O
G
3
3
2
5
 
2
 
5
 
5
 
5
 
5
 
5
 
3
 
3
 
C
O
G
0
0
5
8
 
2
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
C
O
G
0
3
8
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
5
8
8
 
2
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
C
O
G
1
5
2
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
8
0
3
 
2
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
C
O
G
1
8
3
0
 
2
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
C
O
G
2
1
6
0
 
2
 
2
 
2
 
2
 
2
 
2
 
1
 
1
 
C
O
G
2
7
0
6
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
3
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
119 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 5
 c
o
n
ti
n
u
ed
 
C
O
G
0
1
2
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
1
9
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
7
9
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
0
2
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
6
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
8
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
8
0
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
4
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
6
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
1
9
 
1
 
1
 
2
 
1
 
2
 
2
 
1
 
1
 
C
O
G
1
9
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
3
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
7
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
8
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
7
5
 
1
 
2
 
2
 
1
 
2
 
2
 
1
 
1
 
C
O
G
5
0
2
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
0
2
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
7
2
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
3
8
6
 
1
 
4
 
4
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
8
5
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
6
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
6
1
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
3
8
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
0
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
120 
C
O
G
1
8
7
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
0
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
8
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
2
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
5
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
3
5
4
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
 
C
O
G
5
0
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
1
1
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
3
4
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
3
6
3
 
0
 
0
 
1
 
1
 
1
 
1
 
0
 
0
 
C
O
G
1
6
2
6
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
1
6
3
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
6
5
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
6
8
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
5
9
 
0
 
1
 
2
 
1
 
1
 
1
 
0
 
0
 
C
O
G
3
8
3
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
9
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
9
5
8
 
0
 
0
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
3
9
5
9
 
0
 
0
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
4
4
6
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
121 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 6
  
A
b
u
n
d
a
n
ce
 o
f 
ca
rb
o
h
y
d
ra
te
 t
ra
n
sp
o
rt
 a
n
d
 m
et
ab
o
li
sm
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 x
yl
a
n
is
o
lv
en
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
X
B
A
1
 
N
L
A
E
-z
l-
 
C
1
8
2
 
N
L
A
E
-z
l-
 
C
2
9
 
N
L
A
E
-z
l-
 
C
3
3
9
 
N
L
A
E
-z
l-
 
G
3
1
0
 
N
L
A
E
-z
l-
 
G
4
2
1
 
N
L
A
E
-z
l-
 
H
1
9
4
 
N
L
A
E
-z
l-
 
P
3
5
2
 
N
L
A
E
-z
l-
 
P
3
9
3
 
N
L
A
E
-z
l-
 
P
7
2
7
 
N
L
A
E
-z
l-
 
P
7
3
2
 
N
L
A
E
-
zl
- 
P
7
3
6
 
 
C
O
G
3
2
5
0
 
2
4
 
2
3
 
2
6
 
2
3
 
2
8
 
2
8
 
2
7
 
3
5
 
3
5
 
3
5
 
3
5
 
3
8
 
 
C
O
G
3
5
0
7
 
2
2
 
1
9
 
1
9
 
1
9
 
1
7
 
1
7
 
2
0
 
1
9
 
1
9
 
1
9
 
1
9
 
1
9
 
 
C
O
G
1
4
7
2
 
1
3
 
1
8
 
1
7
 
1
8
 
1
7
 
1
7
 
1
7
 
1
6
 
1
6
 
1
6
 
1
6
 
1
7
 
 
C
O
G
3
5
3
7
 
1
7
 
1
8
 
1
5
 
1
8
 
1
8
 
1
8
 
1
5
 
2
0
 
2
0
 
2
0
 
2
0
 
2
1
 
 
C
O
G
3
5
2
5
 
1
0
 
1
0
 
1
4
 
1
0
 
1
3
 
1
3
 
1
5
 
9
 
9
 
9
 
9
 
1
0
 
 
C
O
G
2
8
1
4
 
7
 
1
0
 
1
0
 
1
0
 
9
 
9
 
1
0
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
 
C
O
G
1
5
0
1
 
5
 
5
 
5
 
5
 
6
 
6
 
5
 
6
 
6
 
6
 
6
 
6
 
 
C
O
G
0
7
3
8
 
8
 
8
 
8
 
8
 
8
 
8
 
8
 
9
 
9
 
9
 
9
 
9
 
 
C
O
G
0
4
5
1
 
8
 
1
1
 
1
1
 
1
1
 
9
 
9
 
9
 
9
 
9
 
9
 
9
 
1
0
 
 
C
O
G
4
6
3
2
 
4
 
5
 
6
 
5
 
5
 
5
 
7
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
3
6
6
9
 
4
 
3
 
3
 
3
 
4
 
4
 
3
 
9
 
9
 
9
 
9
 
1
1
 
 
C
O
G
2
1
5
2
 
5
 
6
 
6
 
6
 
8
 
8
 
6
 
7
 
7
 
7
 
7
 
8
 
 
C
O
G
4
8
3
3
 
5
 
8
 
4
 
8
 
6
 
6
 
4
 
5
 
5
 
5
 
5
 
5
 
 
C
O
G
3
3
4
5
 
7
 
3
 
4
 
3
 
4
 
4
 
5
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
0
5
2
4
 
6
 
8
 
9
 
8
 
6
 
6
 
8
 
7
 
7
 
7
 
7
 
7
 
 
C
O
G
4
6
7
7
 
2
 
3
 
3
 
3
 
3
 
3
 
2
 
6
 
6
 
6
 
6
 
6
 
 
C
O
G
0
7
2
6
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
5
 
5
 
5
 
5
 
5
 
 
C
O
G
3
6
9
3
 
1
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
2
0
1
7
 
4
 
6
 
5
 
6
 
5
 
5
 
4
 
5
 
5
 
5
 
5
 
5
 
 
C
O
G
1
0
7
0
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
1
9
4
0
 
4
 
4
 
4
 
4
 
4
 
4
 
5
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
0
3
6
3
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
3
 
 
C
O
G
3
5
3
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
2
2
7
1
 
6
 
6
 
5
 
6
 
7
 
7
 
5
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
2
9
4
2
 
2
 
3
 
5
 
3
 
3
 
3
 
6
 
3
 
3
 
3
 
3
 
4
 
 
C
O
G
3
5
9
4
 
2
 
4
 
1
 
4
 
4
 
4
 
3
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
2
1
1
 
4
 
3
 
4
 
3
 
3
 
3
 
4
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
0
2
0
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
4
 
 
C
O
G
1
0
8
2
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
1
8
7
4
 
3
 
3
 
6
 
3
 
4
 
4
 
8
 
1
1
 
1
0
 
1
1
 
1
1
 
9
 
 
C
O
G
3
4
0
8
 
8
 
8
 
6
 
8
 
7
 
7
 
6
 
6
 
6
 
6
 
6
 
8
 
 
C
O
G
0
2
3
5
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
1
8
2
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
5
 
 
 
 
 
 
122 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 6
 c
o
n
ti
n
u
ed
 
 
C
O
G
3
8
6
6
 
3
 
4
 
6
 
4
 
4
 
4
 
4
 
6
 
6
 
6
 
6
 
6
 
 
C
O
G
2
7
3
1
 
3
 
3
 
2
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
4
4
0
9
 
3
 
3
 
2
 
3
 
3
 
3
 
2
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
2
7
3
0
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
4
1
2
4
 
2
 
1
 
1
 
1
 
1
 
1
 
0
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
1
6
2
1
 
3
 
4
 
3
 
4
 
4
 
4
 
3
 
5
 
5
 
5
 
5
 
6
 
 
C
O
G
0
3
6
6
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
2
2
7
3
 
1
 
3
 
3
 
3
 
1
 
1
 
3
 
3
 
3
 
3
 
3
 
3
 
 
C
O
G
0
5
3
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
0
5
7
4
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
 
C
O
G
1
1
0
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
1
4
8
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
2
4
0
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
3
 
3
 
3
 
4
 
 
C
O
G
3
7
1
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
1
3
1
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
2
9
5
6
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
4
 
 
C
O
G
1
5
5
4
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
4
 
4
 
4
 
4
 
4
 
 
C
O
G
0
2
4
6
 
2
 
2
 
2
 
2
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
0
2
9
6
 
2
 
3
 
2
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
0
5
8
0
 
2
 
2
 
2
 
2
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
8
7
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
3
6
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
3
 
 
C
O
G
4
6
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
6
9
7
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
1
0
8
6
 
0
 
2
 
2
 
2
 
2
 
2
 
1
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
3
3
2
5
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
0
0
5
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
3
8
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
3
 
 
C
O
G
0
5
8
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
5
2
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
 
C
O
G
1
8
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
8
3
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
1
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
7
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
0
3
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
0
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
0
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
 
123 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 6
 c
o
n
ti
n
u
ed
 
 
C
O
G
0
0
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
1
2
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
1
2
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
1
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
1
4
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
1
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
1
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
1
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
1
7
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
1
9
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
2
7
9
 
1
 
1
 
2
 
1
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
0
2
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
3
6
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
0
3
6
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
4
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
4
8
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
6
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
6
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
8
0
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
4
4
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
6
4
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
8
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
9
0
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
1
9
2
9
 
1
 
1
 
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
1
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
9
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
3
6
3
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
3
7
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
4
8
0
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
4
9
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
5
0
2
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
0
0
2
1
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
2
7
2
1
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
3
3
8
6
 
0
 
0
 
1
 
0
 
0
 
0
 
2
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
3
8
5
5
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
3
8
6
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
2
6
1
0
 
1
 
1
 
0
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
 
124 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 6
 c
o
n
ti
n
u
ed
 
 
C
O
G
0
3
8
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
0
4
0
6
 
0
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
8
7
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
2
3
0
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
3
3
8
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
4
4
2
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
2
5
1
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
4
3
5
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
5
0
3
9
 
1
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
1
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
3
4
9
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
3
6
3
 
0
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
6
2
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
1
6
3
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
6
5
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
1
6
8
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
3
4
5
9
 
0
 
0
 
1
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
3
8
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
C
O
G
3
9
3
4
 
0
 
1
 
1
 
1
 
1
 
1
 
0
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
3
9
5
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
2
 
 
C
O
G
3
9
5
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
 
C
O
G
4
4
6
4
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
125 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 7
  
A
b
u
n
d
a
n
ce
 o
f 
C
el
l 
w
al
l/
m
e
m
b
ra
n
e/
e
n
v
el
o
p
e 
b
io
g
en
es
is
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 o
va
tu
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
A
T
C
C
 8
4
8
3
 
N
L
A
E
-z
l-
 C
1
1
 
N
L
A
E
-z
l-
 C
3
4
 
N
L
A
E
-z
l-
 H
3
0
4
 
N
L
A
E
-z
l-
 H
3
6
1
 
N
L
A
E
-z
l-
 H
5
9
 
N
L
A
E
-z
l-
 H
7
3
 
C
O
G
0
4
3
8
 
2
4
 
1
9
 
1
9
 
2
7
 
2
6
 
2
6
 
2
6
 
C
O
G
1
5
3
8
 
2
3
 
2
2
 
2
2
 
2
7
 
2
6
 
2
8
 
2
8
 
C
O
G
0
8
4
5
 
1
7
 
1
8
 
1
8
 
2
0
 
2
0
 
2
0
 
2
0
 
C
O
G
5
4
3
4
 
1
5
 
1
3
 
1
3
 
1
4
 
1
4
 
1
4
 
1
4
 
C
O
G
0
4
6
3
 
1
3
 
1
8
 
1
8
 
1
8
 
1
8
 
1
4
 
1
4
 
C
O
G
0
4
5
1
 
9
 
5
 
5
 
1
9
 
1
5
 
1
1
 
1
1
 
C
O
G
0
8
1
0
 
9
 
6
 
6
 
8
 
8
 
1
0
 
1
0
 
C
O
G
2
8
8
5
 
8
 
9
 
9
 
1
2
 
1
2
 
1
4
 
1
4
 
C
O
G
0
7
9
3
 
8
 
9
 
9
 
1
1
 
1
1
 
9
 
9
 
C
O
G
1
2
1
5
 
7
 
7
 
7
 
6
 
6
 
7
 
7
 
C
O
G
1
5
9
6
 
7
 
5
 
5
 
7
 
7
 
9
 
9
 
C
O
G
0
7
3
9
 
7
 
8
 
8
 
6
 
6
 
1
2
 
1
2
 
C
O
G
2
1
4
8
 
5
 
4
 
4
 
5
 
5
 
4
 
4
 
C
O
G
4
5
9
1
 
5
 
6
 
6
 
4
 
4
 
7
 
7
 
C
O
G
4
7
7
5
 
4
 
5
 
5
 
5
 
5
 
5
 
5
 
C
O
G
0
6
6
8
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
5
5
2
0
 
4
 
3
 
3
 
6
 
6
 
4
 
4
 
C
O
G
0
4
7
2
 
3
 
1
 
1
 
3
 
3
 
5
 
5
 
C
O
G
1
0
0
4
 
3
 
1
 
1
 
3
 
3
 
4
 
4
 
C
O
G
0
8
6
0
 
3
 
3
 
4
 
3
 
3
 
3
 
3
 
C
O
G
0
7
6
8
 
3
 
2
 
2
 
2
 
2
 
4
 
3
 
C
O
G
0
3
2
9
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
1
2
0
9
 
3
 
4
 
4
 
5
 
4
 
2
 
2
 
C
O
G
3
0
4
9
 
3
 
2
 
2
 
3
 
3
 
3
 
3
 
C
O
G
1
0
8
8
 
3
 
3
 
3
 
3
 
3
 
1
 
1
 
C
O
G
1
0
9
1
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
C
O
G
1
2
0
8
 
2
 
2
 
2
 
6
 
5
 
4
 
4
 
C
O
G
3
2
0
9
 
2
 
4
 
4
 
2
 
2
 
6
 
6
 
C
O
G
1
3
6
8
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
1
0
4
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
9
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
9
4
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
8
3
6
 
2
 
2
 
2
 
2
 
2
 
3
 
3
 
 
 
 
 
126 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 7
 c
o
n
ti
n
u
ed
 
C
O
G
0
7
4
4
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
2
8
2
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
6
2
3
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
7
7
0
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
4
3
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
8
5
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
6
9
6
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
3
4
 
2
 
1
 
1
 
2
 
2
 
2
 
2
 
C
O
G
3
4
7
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
2
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
8
1
 
1
 
2
 
2
 
3
 
2
 
2
 
2
 
C
O
G
1
8
9
8
 
1
 
3
 
3
 
3
 
3
 
2
 
2
 
C
O
G
3
3
0
7
 
1
 
1
 
1
 
3
 
3
 
2
 
2
 
C
O
G
1
0
8
6
 
1
 
1
 
1
 
2
 
2
 
6
 
6
 
C
O
G
0
3
9
9
 
1
 
2
 
2
 
1
 
1
 
3
 
3
 
C
O
G
0
7
4
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
4
4
9
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
3
2
0
6
 
1
 
2
 
2
 
6
 
3
 
5
 
5
 
C
O
G
0
4
8
1
 
1
 
1
 
1
 
3
 
2
 
2
 
2
 
C
O
G
1
4
5
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
0
 
1
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
1
7
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
8
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
2
0
2
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
7
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
3
 
1
 
1
 
1
 
3
 
1
 
1
 
1
 
 
 
 
 
127 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 7
 c
o
n
ti
n
u
ed
 
C
O
G
1
4
4
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
5
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
0
0
9
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
4
9
5
3
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
7
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
5
0
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
2
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
9
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
4
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
3
3
5
 
1
 
0
 
0
 
2
 
2
 
3
 
3
 
C
O
G
1
6
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
7
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
6
 
1
 
1
 
1
 
3
 
1
 
1
 
1
 
C
O
G
0
7
0
7
 
1
 
1
 
1
 
1
 
1
 
4
 
4
 
C
O
G
0
8
1
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
0
7
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
1
5
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
C
O
G
1
8
0
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
7
7
4
 
0
 
2
 
2
 
0
 
0
 
1
 
1
 
C
O
G
3
2
6
4
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
1
8
8
7
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
0
6
7
7
 
0
 
1
 
1
 
0
 
0
 
1
 
1
 
C
O
G
0
6
1
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
0
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
0
8
9
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
5
3
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
8
6
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
128 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 7
 c
o
n
ti
n
u
ed
 
C
O
G
3
7
5
4
 
0
 
1
 
1
 
3
 
3
 
1
 
1
 
C
O
G
5
0
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
0
6
4
 
0
 
1
 
1
 
1
 
1
 
3
 
3
 
C
O
G
3
2
0
3
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
2
4
7
 
0
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
0
5
6
2
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
C
O
G
1
6
8
2
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
1
1
3
4
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
4
4
6
4
 
0
 
1
 
1
 
0
 
0
 
1
 
1
 
C
O
G
1
5
8
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
3
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
1
2
0
7
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
C
O
G
3
6
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
1
3
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
7
2
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
0
9
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
5
5
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
0
9
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
  
 
 
 
 
 
129 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 8
  
A
b
u
n
d
a
n
ce
 o
f 
C
el
l 
w
al
l/
m
e
m
b
ra
n
e/
e
n
v
el
o
p
e 
b
io
g
en
es
is
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 t
h
et
a
io
ta
o
m
ic
ro
n
 t
y
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
V
P
I-
5
4
8
2
 
N
L
A
E
-z
l-
 
C
5
2
3
 
N
L
A
E
-z
l-
 
G
2
8
8
 
N
L
A
E
-z
l-
 
H
2
0
7
 
N
L
A
E
-z
l-
 
H
4
6
3
 
N
L
A
E
-z
l-
 
H
4
9
2
 
N
L
A
E
-z
l-
 P
3
2
 
N
L
A
E
-z
l-
 
P
6
9
9
 
C
O
G
0
4
3
8
 
2
9
 
2
7
 
2
7
 
3
6
 
2
5
 
2
5
 
2
5
 
2
5
 
C
O
G
1
5
3
8
 
2
5
 
2
7
 
2
6
 
2
6
 
2
6
 
2
6
 
2
7
 
2
7
 
C
O
G
0
8
4
5
 
2
0
 
2
1
 
2
0
 
2
0
 
2
0
 
2
0
 
2
0
 
2
0
 
C
O
G
5
4
3
4
 
8
 
1
0
 
1
0
 
1
1
 
9
 
9
 
1
2
 
1
2
 
C
O
G
0
4
6
3
 
2
4
 
2
1
 
2
4
 
2
8
 
2
9
 
2
9
 
2
1
 
2
1
 
C
O
G
0
4
5
1
 
1
3
 
1
1
 
1
2
 
1
6
 
1
0
 
9
 
9
 
8
 
C
O
G
0
8
1
0
 
1
0
 
1
2
 
1
1
 
1
0
 
1
1
 
1
1
 
1
0
 
1
0
 
C
O
G
2
8
8
5
 
1
5
 
1
9
 
2
1
 
2
2
 
2
0
 
2
0
 
1
7
 
1
7
 
C
O
G
0
7
9
3
 
8
 
8
 
7
 
7
 
8
 
8
 
8
 
8
 
C
O
G
1
2
1
5
 
8
 
7
 
8
 
8
 
8
 
8
 
7
 
7
 
C
O
G
1
5
9
6
 
8
 
1
3
 
1
2
 
1
2
 
1
2
 
1
3
 
7
 
8
 
C
O
G
0
7
3
9
 
5
 
9
 
1
0
 
5
 
1
2
 
1
2
 
5
 
5
 
C
O
G
2
1
4
8
 
5
 
8
 
7
 
1
1
 
9
 
9
 
6
 
6
 
C
O
G
4
5
9
1
 
5
 
6
 
6
 
5
 
6
 
6
 
6
 
6
 
C
O
G
4
7
7
5
 
4
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
C
O
G
0
6
6
8
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
C
O
G
5
5
2
0
 
3
 
3
 
4
 
4
 
4
 
4
 
3
 
3
 
C
O
G
0
4
7
2
 
5
 
4
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
0
4
 
4
 
4
 
4
 
5
 
5
 
5
 
2
 
2
 
C
O
G
0
8
6
0
 
3
 
5
 
4
 
4
 
5
 
5
 
6
 
6
 
C
O
G
0
7
6
8
 
3
 
2
 
2
 
3
 
2
 
2
 
3
 
3
 
C
O
G
0
3
2
9
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
2
0
9
 
2
 
5
 
4
 
4
 
4
 
4
 
3
 
3
 
C
O
G
3
0
4
9
 
2
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
8
8
 
2
 
3
 
2
 
2
 
4
 
4
 
2
 
2
 
C
O
G
1
0
9
1
 
3
 
5
 
4
 
3
 
4
 
4
 
3
 
4
 
C
O
G
1
2
0
8
 
3
 
4
 
3
 
4
 
3
 
3
 
4
 
4
 
C
O
G
3
2
0
9
 
3
 
3
 
3
 
6
 
7
 
7
 
7
 
6
 
C
O
G
1
3
6
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
9
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
9
4
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
 
 
 
130 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 8
 c
o
n
ti
n
u
ed
 
C
O
G
0
8
3
6
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
4
4
 
2
 
2
 
2
 
2
 
3
 
3
 
2
 
2
 
C
O
G
2
8
2
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
6
2
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
7
0
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
4
3
 
2
 
1
 
1
 
1
 
2
 
2
 
3
 
3
 
C
O
G
0
8
5
9
 
1
 
1
 
2
 
2
 
2
 
2
 
1
 
1
 
C
O
G
1
6
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
3
4
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
7
5
 
0
 
0
 
0
 
0
 
0
 
0
 
2
 
2
 
C
O
G
1
9
2
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
3
8
1
 
5
 
4
 
4
 
5
 
3
 
3
 
4
 
4
 
C
O
G
1
8
9
8
 
5
 
6
 
4
 
3
 
4
 
4
 
3
 
3
 
C
O
G
3
3
0
7
 
4
 
5
 
4
 
6
 
4
 
4
 
3
 
3
 
C
O
G
1
0
8
6
 
3
 
4
 
5
 
8
 
4
 
6
 
6
 
7
 
C
O
G
0
3
9
9
 
3
 
5
 
4
 
6
 
3
 
3
 
7
 
7
 
C
O
G
0
7
4
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
4
9
 
2
 
3
 
2
 
3
 
3
 
3
 
1
 
1
 
C
O
G
3
2
0
6
 
2
 
4
 
4
 
6
 
7
 
6
 
5
 
6
 
C
O
G
0
4
8
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
4
5
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
4
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
C
O
G
2
8
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
7
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
8
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
2
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
9
 
1
 
1
 
2
 
4
 
2
 
2
 
3
 
4
 
C
O
G
0
7
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
7
0
 
1
 
2
 
2
 
2
 
1
 
1
 
2
 
2
 
C
O
G
1
5
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
131 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 8
 c
o
n
ti
n
u
ed
 
C
O
G
0
7
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
4
4
2
 
1
 
1
 
1
 
2
 
1
 
1
 
0
 
0
 
C
O
G
0
5
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
0
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
5
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
9
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
4
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
3
3
5
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
6
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
7
 
1
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
C
O
G
0
7
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
0
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
8
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
0
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
9
8
2
 
0
 
1
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
3
7
7
4
 
3
 
3
 
4
 
5
 
5
 
5
 
2
 
2
 
C
O
G
3
2
6
4
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
C
O
G
1
8
8
7
 
2
 
2
 
3
 
2
 
1
 
1
 
0
 
0
 
C
O
G
0
6
7
7
 
2
 
1
 
2
 
3
 
1
 
1
 
2
 
2
 
C
O
G
0
6
1
5
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
0
6
 
1
 
0
 
1
 
0
 
0
 
0
 
1
 
1
 
C
O
G
2
0
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
3
3
7
 
1
 
1
 
0
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
132 
S
u
p
p
le
m
e
n
ta
l 
T
ab
le
 8
 c
o
n
ti
n
u
ed
 
C
O
G
1
8
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
 
C
O
G
3
7
5
4
 
0
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
C
O
G
5
0
3
9
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
3
0
6
4
 
0
 
2
 
1
 
1
 
3
 
3
 
1
 
1
 
C
O
G
3
2
0
3
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
2
4
7
 
0
 
0
 
1
 
0
 
1
 
1
 
1
 
1
 
C
O
G
0
5
6
2
 
0
 
0
 
1
 
0
 
1
 
1
 
1
 
1
 
C
O
G
1
6
8
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
1
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
6
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
5
8
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
3
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
1
2
0
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
6
3
7
 
0
 
2
 
3
 
2
 
3
 
3
 
2
 
2
 
C
O
G
3
1
3
3
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
2
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
0
9
2
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
3
5
5
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
0
9
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
 
 
 
 
 
 
133 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 9
  
A
b
u
n
d
a
n
ce
 o
f 
C
el
l 
w
al
l/
m
e
m
b
ra
n
e/
e
n
v
el
o
p
e
 b
io
g
en
es
is
 C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 x
yl
a
n
is
o
lv
en
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
X
B
A
1
 
N
L
A
E
-z
l-
 
C
1
8
2
 
N
L
A
E
-z
l-
 
C
2
9
 
N
L
A
E
-z
l-
 
C
3
3
9
 
N
L
A
E
-z
l-
 
G
3
1
0
 
N
L
A
E
-z
l-
 
G
4
2
1
 
N
L
A
E
-z
l-
 
H
1
9
4
 
N
L
A
E
-z
l-
 
P
3
5
2
 
N
L
A
E
-z
l-
 
P
3
9
3
 
N
L
A
E
-z
l-
 
P
7
2
7
 
N
L
A
E
-z
l-
 
P
7
3
2
 
N
L
A
E
-z
l-
 
P
7
3
6
 
C
O
G
0
4
3
8
 
2
3
 
2
2
 
2
6
 
2
2
 
2
4
 
2
4
 
2
7
 
2
0
 
2
0
 
2
0
 
2
0
 
2
2
 
C
O
G
1
5
3
8
 
1
8
 
2
2
 
2
1
 
2
2
 
2
1
 
2
1
 
2
1
 
2
0
 
2
0
 
2
0
 
2
0
 
2
3
 
C
O
G
0
8
4
5
 
1
3
 
1
7
 
1
7
 
1
7
 
1
6
 
1
6
 
1
7
 
1
6
 
1
6
 
1
6
 
1
6
 
1
8
 
C
O
G
5
4
3
4
 
1
1
 
1
1
 
1
4
 
1
1
 
1
1
 
1
1
 
1
3
 
1
4
 
1
4
 
1
4
 
1
4
 
1
4
 
C
O
G
0
4
6
3
 
1
7
 
1
3
 
2
0
 
1
3
 
1
5
 
1
5
 
2
0
 
1
6
 
1
6
 
1
6
 
1
6
 
1
3
 
C
O
G
0
4
5
1
 
8
 
1
1
 
1
1
 
1
1
 
9
 
9
 
9
 
9
 
9
 
9
 
9
 
1
0
 
C
O
G
0
8
1
0
 
7
 
8
 
8
 
8
 
8
 
8
 
8
 
7
 
7
 
7
 
7
 
7
 
C
O
G
2
8
8
5
 
1
0
 
1
2
 
1
4
 
1
2
 
1
3
 
1
3
 
1
1
 
1
0
 
1
0
 
1
0
 
1
0
 
1
0
 
C
O
G
0
7
9
3
 
7
 
6
 
6
 
6
 
6
 
6
 
6
 
7
 
7
 
7
 
7
 
7
 
C
O
G
1
2
1
5
 
5
 
6
 
6
 
6
 
6
 
6
 
6
 
7
 
7
 
7
 
7
 
7
 
C
O
G
1
5
9
6
 
4
 
6
 
9
 
7
 
6
 
6
 
9
 
1
1
 
1
1
 
1
1
 
1
0
 
1
1
 
C
O
G
0
7
3
9
 
5
 
7
 
9
 
7
 
1
1
 
1
1
 
7
 
5
 
5
 
5
 
5
 
5
 
C
O
G
2
1
4
8
 
5
 
6
 
5
 
6
 
5
 
5
 
5
 
6
 
7
 
6
 
7
 
6
 
C
O
G
4
5
9
1
 
2
 
6
 
6
 
6
 
6
 
6
 
6
 
3
 
3
 
3
 
3
 
3
 
C
O
G
4
7
7
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 
6
 
C
O
G
0
6
6
8
 
4
 
4
 
3
 
4
 
4
 
4
 
3
 
3
 
3
 
3
 
3
 
5
 
C
O
G
5
5
2
0
 
2
 
5
 
5
 
5
 
6
 
6
 
5
 
6
 
6
 
6
 
6
 
6
 
C
O
G
0
4
7
2
 
1
 
2
 
3
 
2
 
2
 
2
 
3
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
0
4
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
0
8
6
0
 
4
 
4
 
3
 
4
 
3
 
3
 
3
 
4
 
4
 
4
 
4
 
4
 
C
O
G
0
7
6
8
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
2
9
 
3
 
3
 
2
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
1
2
0
9
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
3
0
4
9
 
3
 
4
 
4
 
4
 
3
 
3
 
4
 
2
 
2
 
2
 
2
 
3
 
C
O
G
1
0
8
8
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
9
1
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
2
0
8
 
3
 
3
 
5
 
3
 
2
 
2
 
4
 
3
 
3
 
3
 
3
 
3
 
C
O
G
3
2
0
9
 
1
 
3
 
2
 
3
 
5
 
5
 
1
 
2
 
3
 
2
 
3
 
3
 
C
O
G
1
3
6
8
 
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
9
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
9
4
8
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
 
 
 
 
134 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 9
 c
o
n
ti
n
u
e
d
 
C
O
G
0
8
3
6
 
2
 
2
 
3
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
4
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
8
2
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
6
2
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
7
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
4
3
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
8
5
9
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
6
9
6
 
1
 
1
 
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
4
7
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
2
2
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
3
8
1
 
2
 
2
 
2
 
2
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
9
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
3
0
7
 
2
 
3
 
2
 
3
 
3
 
3
 
3
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
6
 
0
 
2
 
2
 
2
 
2
 
2
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
3
9
9
 
0
 
1
 
0
 
1
 
1
 
1
 
0
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
7
4
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
4
4
9
 
1
 
2
 
2
 
2
 
1
 
1
 
3
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
2
0
6
 
1
 
3
 
3
 
3
 
5
 
5
 
4
 
6
 
4
 
4
 
5
 
5
 
C
O
G
0
4
8
1
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
4
5
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
0
4
4
 
2
 
1
 
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
8
7
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
7
9
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
1
8
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
0
2
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
1
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
7
9
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
7
0
 
1
 
2
 
2
 
2
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
5
6
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
135 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 9
 c
o
n
ti
n
u
e
d
 
C
O
G
0
7
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
1
4
4
2
 
1
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
9
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
7
5
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
0
0
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
5
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
2
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
7
9
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
6
8
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
3
4
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
3
3
5
 
1
 
0
 
2
 
0
 
0
 
0
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
6
6
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
0
7
 
1
 
1
 
1
 
1
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
8
1
2
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
7
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
0
7
6
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
5
7
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
1
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
8
0
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
8
2
 
1
 
1
 
0
 
1
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
7
7
4
 
2
 
3
 
3
 
3
 
3
 
3
 
3
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
2
6
4
 
1
 
0
 
1
 
0
 
0
 
0
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
8
8
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
7
7
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
1
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
3
0
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
0
8
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
3
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
 
 
 
136 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 9
 c
o
n
ti
n
u
e
d
 
C
O
G
1
8
6
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
7
5
4
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
5
0
3
9
 
1
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
0
6
4
 
1
 
2
 
1
 
2
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
2
0
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
4
7
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
4
7
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
6
2
 
1
 
0
 
1
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
6
8
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
1
3
4
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
4
6
4
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
5
8
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
0
8
3
 
0
 
1
 
1
 
1
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
2
0
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
6
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
1
3
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
7
2
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
4
0
9
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
7
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
5
5
9
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
0
9
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
  
 
 
 
 
 
137 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
0
  
A
b
u
n
d
an
ce
 o
f 
S
ig
n
al
 t
ra
n
sd
u
ct
io
n
 m
ec
h
an
is
m
s 
C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 o
va
tu
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
A
T
C
C
 8
4
8
3
 
N
L
A
E
-z
l-
 C
1
1
 
N
L
A
E
-z
l-
 C
3
4
 
N
L
A
E
-z
l-
 H
3
0
4
 
N
L
A
E
-z
l-
 H
3
6
1
 
N
L
A
E
-z
l-
 H
5
9
 
N
L
A
E
-z
l-
 H
7
3
 
C
O
G
0
6
4
2
 
7
2
 
6
9
 
6
9
 
6
4
 
6
3
 
7
6
 
7
6
 
C
O
G
3
7
1
2
 
4
0
 
3
5
 
3
5
 
3
9
 
3
9
 
4
5
 
4
5
 
C
O
G
0
7
4
5
 
2
6
 
7
 
7
 
8
 
7
 
7
 
7
 
C
O
G
0
6
6
4
 
1
1
 
1
0
 
1
0
 
1
2
 
1
1
 
1
5
 
1
5
 
C
O
G
2
2
0
4
 
9
 
6
 
6
 
8
 
8
 
9
 
9
 
C
O
G
3
2
7
5
 
8
 
8
 
8
 
1
1
 
9
 
1
1
 
1
1
 
C
O
G
3
2
7
9
 
7
 
7
 
7
 
9
 
9
 
1
1
 
1
1
 
C
O
G
2
1
9
7
 
7
 
7
 
8
 
7
 
6
 
7
 
7
 
C
O
G
3
2
9
2
 
5
 
3
 
5
 
1
1
 
8
 
5
 
5
 
C
O
G
2
2
0
5
 
4
 
4
 
4
 
9
 
7
 
3
 
3
 
C
O
G
5
0
0
0
 
4
 
3
 
3
 
3
 
3
 
4
 
4
 
C
O
G
5
0
0
2
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
0
3
9
4
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
1
7
 
2
 
2
 
2
 
4
 
2
 
2
 
2
 
C
O
G
2
3
6
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
8
3
 
2
 
1
 
1
 
2
 
2
 
2
 
2
 
C
O
G
4
2
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
5
4
2
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
6
6
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
1
7
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
4
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
C
O
G
1
9
5
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
7
5
 
1
 
1
 
1
 
2
 
1
 
2
 
2
 
C
O
G
4
7
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
0
5
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
3
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
1
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
1
5
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
2
9
 
0
 
3
 
3
 
1
 
1
 
3
 
3
 
 
 
 
 
138 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
0
 c
o
n
ti
n
u
ed
 
C
O
G
3
9
4
7
 
0
 
1
 
1
 
0
 
0
 
1
 
1
 
C
O
G
3
6
4
2
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
4
2
5
2
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
1
4
9
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
1
7
2
 
0
 
0
 
0
 
0
 
0
 
2
 
2
 
C
O
G
2
2
0
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
3
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
C
O
G
2
2
0
2
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
C
O
G
2
3
3
7
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
2
3
3
6
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
0
8
4
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
5
6
3
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
9
7
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
6
7
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
3
7
0
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
4
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
8
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
4
1
9
1
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
C
O
G
1
9
7
4
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
  
 
 
 
 
 
139 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
1
  
A
b
u
n
d
an
ce
 o
f 
S
ig
n
al
 t
ra
n
sd
u
ct
io
n
 m
ec
h
an
is
m
s 
C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 t
h
et
a
io
ta
o
m
ic
ro
n
 t
y
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
V
P
I-
 5
4
8
2
 
N
L
A
E
-z
l-
 C
5
2
3
 
N
L
A
E
-z
l-
 G
2
8
8
 
N
L
A
E
-z
l-
 H
2
0
7
 
N
L
A
E
-z
l-
 H
4
6
3
 
N
L
A
E
-z
l-
 H
4
9
2
 
N
L
A
E
-z
l-
 P
3
2
 
N
L
A
E
-z
l-
 P
6
9
9
 
C
O
G
0
6
4
2
 
6
7
 
6
0
 
6
7
 
6
0
 
6
0
 
6
0
 
5
7
 
5
7
 
C
O
G
3
7
1
2
 
2
6
 
2
8
 
3
0
 
2
8
 
2
9
 
2
9
 
2
6
 
2
6
 
C
O
G
0
7
4
5
 
2
2
 
8
 
8
 
8
 
8
 
8
 
8
 
8
 
C
O
G
0
6
6
4
 
1
2
 
1
2
 
1
1
 
1
4
 
1
1
 
1
1
 
1
2
 
1
2
 
C
O
G
2
2
0
4
 
1
2
 
9
 
1
0
 
7
 
8
 
9
 
8
 
8
 
C
O
G
3
2
7
5
 
1
1
 
9
 
9
 
1
0
 
9
 
9
 
8
 
8
 
C
O
G
3
2
7
9
 
1
1
 
1
0
 
1
2
 
1
0
 
1
1
 
1
1
 
9
 
9
 
C
O
G
2
1
9
7
 
7
 
9
 
7
 
6
 
9
 
9
 
7
 
7
 
C
O
G
3
2
9
2
 
3
 
2
 
1
 
2
 
2
 
2
 
3
 
3
 
C
O
G
2
2
0
5
 
4
 
4
 
4
 
4
 
4
 
4
 
5
 
5
 
C
O
G
5
0
0
0
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
5
0
0
2
 
2
 
3
 
2
 
3
 
3
 
3
 
3
 
3
 
C
O
G
0
3
9
4
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
3
1
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
2
3
6
5
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
8
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
2
1
9
 
4
 
4
 
3
 
4
 
4
 
4
 
3
 
3
 
C
O
G
5
4
2
2
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
5
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
8
7
5
 
1
 
2
 
2
 
1
 
2
 
2
 
1
 
1
 
C
O
G
4
7
5
3
 
1
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
C
O
G
3
8
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
7
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
0
5
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
3
1
 
1
 
0
 
1
 
1
 
2
 
2
 
0
 
0
 
C
O
G
0
5
8
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
1
6
 
3
 
0
 
1
 
3
 
1
 
1
 
0
 
0
 
C
O
G
0
5
1
5
 
2
 
0
 
3
 
2
 
3
 
3
 
0
 
0
 
C
O
G
3
6
2
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
140 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
1
 c
o
n
ti
n
u
ed
 
C
O
G
3
9
4
7
 
1
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
C
O
G
3
6
4
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
2
5
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
4
9
3
 
0
 
0
 
1
 
1
 
1
 
1
 
0
 
0
 
C
O
G
2
1
7
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
1
 
0
 
0
 
0
 
1
 
0
 
0
 
1
 
1
 
C
O
G
2
2
0
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
3
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
8
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
5
6
3
5
 
0
 
1
 
1
 
0
 
1
 
1
 
0
 
0
 
C
O
G
2
9
7
2
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
6
7
 
0
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
C
O
G
3
7
0
6
 
0
 
0
 
1
 
0
 
0
 
1
 
0
 
0
 
C
O
G
3
4
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
1
9
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
9
7
4
 
0
 
0
 
1
 
0
 
1
 
1
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
 
  
 
 
 
 
 
141 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
2
  
A
b
u
n
d
an
ce
 o
f 
S
ig
n
al
 t
ra
n
sd
u
ct
io
n
 m
ec
h
an
is
m
s 
C
O
G
s 
fo
u
n
d
 i
n
 t
h
e 
B
a
ct
er
o
id
es
 x
yl
a
n
is
o
lv
en
s 
ty
p
e 
st
ra
in
 a
n
d
 i
so
la
te
s 
C
O
G
 I
D
b
 
X
B
A
1
 
N
L
A
E
-z
l-
 
C
1
8
2
 
N
L
A
E
-z
l-
 
C
2
9
 
N
L
A
E
-z
l-
 
C
3
3
9
 
N
L
A
E
-z
l-
 
G
3
1
0
 
N
L
A
E
-z
l-
 
G
4
2
1
 
N
L
A
E
-z
l-
 
H
1
9
4
 
N
L
A
E
-z
l-
 
P
3
5
2
 
N
L
A
E
-z
l-
 
P
3
9
3
 
N
L
A
E
-z
l-
 
P
7
2
7
 
N
L
A
E
-z
l-
 
P
7
3
2
 
N
L
A
E
-z
l-
 
P
7
3
6
 
C
O
G
0
6
4
2
 
4
5
 
5
4
 
5
8
 
5
4
 
6
0
 
6
0
 
5
9
 
6
5
 
6
5
 
6
5
 
6
5
 
6
9
 
C
O
G
3
7
1
2
 
2
9
 
3
3
 
3
5
 
3
3
 
3
7
 
3
7
 
3
4
 
3
6
 
3
6
 
3
6
 
3
6
 
3
7
 
C
O
G
0
7
4
5
 
7
 
5
 
6
 
5
 
6
 
6
 
6
 
6
 
6
 
6
 
6
 
8
 
C
O
G
0
6
6
4
 
1
0
 
1
1
 
1
0
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
1
1
 
C
O
G
2
2
0
4
 
9
 
6
 
7
 
6
 
6
 
6
 
7
 
9
 
9
 
9
 
9
 
9
 
C
O
G
3
2
7
5
 
5
 
6
 
4
 
6
 
6
 
6
 
4
 
6
 
6
 
6
 
6
 
6
 
C
O
G
3
2
7
9
 
5
 
7
 
6
 
7
 
7
 
7
 
6
 
6
 
6
 
6
 
6
 
6
 
C
O
G
2
1
9
7
 
7
 
6
 
7
 
6
 
6
 
7
 
7
 
7
 
7
 
7
 
7
 
7
 
C
O
G
3
2
9
2
 
3
 
2
 
3
 
2
 
2
 
2
 
2
 
4
 
4
 
4
 
4
 
1
6
 
C
O
G
2
2
0
5
 
4
 
5
 
6
 
5
 
5
 
5
 
6
 
7
 
7
 
7
 
7
 
7
 
C
O
G
5
0
0
0
 
1
 
3
 
3
 
3
 
3
 
3
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
5
0
0
2
 
3
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
C
O
G
0
3
9
4
 
3
 
2
 
2
 
2
 
2
 
2
 
3
 
2
 
2
 
2
 
2
 
2
 
C
O
G
0
3
1
7
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
3
 
C
O
G
2
3
6
5
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
1
9
8
3
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
C
O
G
4
2
1
9
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
5
4
2
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
1
 
C
O
G
1
9
6
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
C
O
G
1
7
3
4
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
0
7
8
4
 
1
 
2
 
1
 
2
 
2
 
2
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
9
5
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
0
2
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
0
8
6
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
C
O
G
1
8
7
5
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
7
5
3
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
8
2
9
 
1
 
1
 
2
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
9
7
8
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
2
1
7
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
2
9
0
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
6
3
1
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
8
9
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
1
7
1
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
5
1
5
 
1
 
1
 
1
 
1
 
1
 
1
 
2
 
1
 
1
 
1
 
1
 
1
 
 
 
 
 
142 
S
u
p
p
le
m
e
n
ta
l 
ta
b
le
 1
2
 c
o
n
ti
n
u
ed
 
C
O
G
3
6
2
9
 
3
 
2
 
2
 
2
 
2
 
2
 
1
 
2
 
2
 
2
 
2
 
2
 
C
O
G
3
9
4
7
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
C
O
G
3
6
4
2
 
1
 
0
 
1
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
1
 
C
O
G
4
2
5
2
 
1
 
1
 
0
 
1
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
4
9
3
 
1
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
1
7
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
3
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
2
3
3
7
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
3
3
6
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
8
4
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
5
6
3
5
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
9
7
2
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
0
4
6
7
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
3
7
0
6
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
 
C
O
G
3
4
3
7
 
0
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
2
2
0
8
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
4
1
9
1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
C
O
G
1
9
7
4
 
0
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
0
 
0
 
0
 
0
 
 b 
=
 C
O
G
 o
rd
er
 b
y
 l
ar
g
es
t 
to
 s
m
al
le
st
 a
b
u
n
d
an
ce
 i
n
 t
h
e 
ty
p
e 
st
ra
in
143 
 
 
 
 
Supplemental table 13  Abundance of Glycoside hydrolase genes found in the Bacteroides ovatus type strain and 
isolates by family 
Familyb 8483 NLAE-zl-C11 NLAE-zl-C34 NLAE-zl-H304 NLAE-zl-H361 NLAE-zl-H59 NLAE-zl-H73 
GH 2 36 29 29 26 27 32 32 
GH 43 32 35 35 24 24 32 32 
GH 3 21 24 24 19 18 23 22 
GH 92 19 16 16 18 17 20 20 
GH 20 13 14 14 13 11 11 11 
GH 28 13 13 13 12 12 14 14 
GH 97 12 6 6 13 12 11 11 
GH 31 11 6 6 7 7 9 9 
GH 105 11 8 8 9 8 15 15 
GH 109 11 7 7 9 9 10 10 
GH 76 8 8 8 7 7 9 9 
GH 88 8 8 8 5 5 7 7 
GH 95 8 8 8 4 4 7 7 
GH 29 7 3 3 5 4 5 5 
GH 115 7 9 9 4 4 3 3 
GH 130 7 6 6 7 7 7 7 
GH 10 6 3 3 4 4 3 3 
GH 78 6 5 5 5 6 7 7 
GH 13 4 4 4 5 4 4 5 
GH 16 4 7 7 4 4 5 5 
GH 18 4 4 4 7 7 4 4 
GH 30 4 2 2 4 4 2 2 
GH 33 4 6 6 2 2 4 4 
GH 36 4 3 3 6 6 3 3 
GH 51 4 4 4 4 4 4 4 
GH 89 4 3 3 5 4 5 5 
GH 106 4 4 4 2 2 5 5 
GH 127 4 5 5 4 4 5 5 
GH 23 3 3 3 3 3 3 3 
GH 125 3 3 3 3 3 3 3 
GH 26 2 0 0 1 1 2 2 
GH 27 2 1 1 1 1 3 3 
GH 32 2 3 3 2 2 5 5 
GH 35 2 4 4 3 3 4 4 
GH 50 2 0 0 3 3 3 3 
144 
 
 
 
Supplemental table 13 continued 
        
GH 67 2 2 2 2 2 1 1 
GH 73 2 2 2 1 1 5 5 
GH 91 2 0 0 2 2 0 0 
GH 15 1 2 2 1 1 1 1 
GH 25 1 1 1 1 1 1 1 
GH 38 1 0 0 1 1 1 1 
GH 42 1 1 1 2 2 3 3 
GH 53 1 1 1 1 1 2 2 
GH 57 1 1 1 1 1 1 1 
GH 66 1 1 1 1 1 1 1 
GH 77 1 1 1 1 1 1 1 
GH 9 1 1 1 0 0 1 1 
GH 93 1 0 0 0 0 2 2 
GH 98 1 1 1 0 0 0 0 
GH 123 1 1 1 1 1 1 1 
GH 101 0 0 0 0 0 0 0 
GH 65 0 0 0 2 2 1 1 
GH 84 0 0 0 0 0 0 0 
GH 99 0 2 2 2 2 3 3 
GH 110 0 0 0 0 0 0 0 
GH 117 0 1 1 1 1 0 0 
 
310 282 282 270 263 314 314 
        
b = Family order by largest to smallest abundance in the type strain 
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